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ORIGINAL PAPERS 
COLLOIDS IN GLASS' 


By ALEXANDER SILVERMAN 


ABSTRACT 
A discussion of the various elements and compounds found in a colloidal state in 
glass. Attention is called to the similarity of colloidal behavior in vitreous and aqueous 
media. Theories and experimental evidence are furnished to account for the formation 
and destruction of the colloidal state. 


Introduction 


Glass has been defined as a liquid mixture, or mutual solution of sili- 
cates (alone or with borates and other salts), whose viscosity is so high as 
to make it appear solid (solid solution) at ordinarily prevailing tempera- 
tures. 

Solutions of silicate-soluble salts in glass resemble those of other com- 
binations soluble in water,” in numerous instances. Auric compounds 
yield a yellow solution; cupric, blue; uranium, yellow by transmitted and 
fluorescent green by reflected light; the blue color produced by cobalt 
is like that obtained in strongly acid aqueous media; ferrous, green; 
ferric, yellow; mangarious, colorless, as in dilute aqueous solution, and 
blue-green, rose or amethyst on oxidation; polysulphides, yellow to amber; 


1 Advance chapter from ‘‘Colloid Chemistry—Theoretical and Applied,’’ preprinted 
with the permission of Jerome Alexander, Editor of the volume, but not available for 
reprinting in other publications. 

2A. Silverman, “Similarity of Vitreous and Aqueous Solution,”’ Jour. Ind. Eng 
Chem., 9, 33 (1917). 
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chromium, green and yellow. Salts which are colorless in aqueous solu- 
tion are also colorless in glass, if in the same state of oxidation. 

Then we have the colloidal suspensions like the red, purple, blue and 
various colors produced by gold and other metals; opalescence by alu- 
minium-bearing substazices, stannic oxide, titanic oxide, phosphates, etc. 
Presence of strong electrolytes interferes here as in water solutions.! 


Foundations for Claim of Existence of Colloidal Suspensions in Glass 


I. An example more frequently cited than any other, concerns the use 
of gold compounds. When gold was first used to color glass, it was intro- 
duced in colloidal form in purple of Cassius (Kunkel 1630-1703). Of 
course, this material dissolved in the melt, and today gold chloride is 
sprinkled on part of the batch (mixture of raw materials) and answers 
the same purpose. 

When gold-bearing glass, of fairly high concentration, is drawn from the 
pot it is yellow. Although some claim that this color is due to submicrons, 
the author feels that the gold is in true solution as an auric compound, 
since all gold-glass batches contain oxidizing agents. 

Bancroft states that colorless glass will result through chilling under 
either oxidizing or reducing conditions and that consequently the gold 
might be in true solution or so peptized by the glass that the colloidal par- 
ticles are too small to have an effect on the beam of light.2. The fact that 
a ruby glass may be produced by exposing the yellow or colorless glass to 
radium emanation seems to further substantiate the true-solution claim.*® 
Reheating the yellow glass (colorless in more dilute or thin sections) 
in a reducing flame, first produces a pink color. Repeated, more prolonged 
or more intense heating will yield pink, red, purple, blue. After sufficient 
treatment, the glass looks brown, or livery, by reflected light and blue 
by transmitted, like a gold chloride solution in water, boiled with oxalic 
acid crystals, where the precipitate is brown and the supernatant liquid 
blue. The colors, in earlier stages of reduction, correspond to the succes- 
sion observed when an aqueous solution of gold salt is reduced by phos- 
phorus dissolved in ether, but glass offers the advantage that the colloidal 
particles in the solid solution are not free to move about as they do in 
water and so can be observed more easily under the ultramicroscope. 
As the gold content in all of the glasses differed, the estimation of the 
size of particle was apparently not dependent on the quantity of metal 
present. That the size of collojdal gold particles of various colors in glass 


1 W. J. Sutton and A. Silverman, “The Electrical Conductivity of Sodium Chloride 
in Molten Glass,’”’ Jour. Amer. Ceram. Soc., 7 [2], 86 (1924). 

2 W. D. Bancroft, “Applied Colloid Chemistry,’’ 306 (1920). 

3 J. C. M. Garnett, ‘‘Colours in Metal Glasses, in Metallic Films, and in Metallic 
Solutions—II,”’ Phil. Trans., 205A, 251 (1905). 
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corresponds fairly well with their dimensions in aqueous media is also 
shown by Zsigmondy.' 
Some of Zsigmondy’s data follow: 


S1zE oF GoLp PARTICLES IN GLAss? 


Cu.mm,. Colori- Size of particle in 
gold metric Based on 
Color by trans- Color of percu.dm. estima- Based on total colorimetric 
Glass mitted light particles glass tion gold content determination 
H_ Pink Light green 3.9- 6.9 
F Light red Light green 8.0 4.4 9.3- 12.5 7.6-10.2 
Ce Red Green 13.3 1.34 20.6- 32.8 9.6-15.3 
Db Blue to violet Brass yellow 6.8 68 74 . 
Da Blue Copper red 6.8 al 68 .8-103 
D Livery Deep yellow 10.1 131 -173 
Colorless Golden yellow 12.6 487 -791 


In this same publication experiments are described showing the effect 
of heat on color. <A colorless strip of gold glass, which had been cooled 
very slowly, was reheated until it began to melt at one end, while the other 
end still remained cool. On cooling, the heated end was deep red and the 
color gradually diminished to colorless at the other end. Another piece 
of poorly prepared glass showed blue at the reheated end, shading through 
violet and red to colorless at the cold end. The poorly made specimen 
probably had more heat treatment in manufacture and before tests were 
made on the strip. Hence, larger colloidal particles formed, which colored 
the glass blue by transmitted light. 

Zsigmondy further points out that the ‘“‘working temperature of color- 
less molten gold ruby glass is several hundred degrees lower than the tem- 
perature at which it is melted,” and that while most of the gold is in true 
solution, submicroscopic nuclei probably exist which serve as centers for 
further growth. He also calls attention to greater crystalloid solubility 
at 1350-1400°C which accounts for the disappearance of color and return 
to true solution. That color production is in part dependent on cooling 
rate can be seen in pressed discs which are frequently lighter at the edges 
than in the center, due to variable conductance of the iron mold. It is 
claimed that color is not only dependent on the size of the particles, 
but on their shape as well.® 

One-tenth of one per cent of gold or less will color glass, the facility of 


1R. Zsigmondy, “Colloids and the Ultramicroscope,’’ 132 (1909). 

2H. Siedentopf and R. Zsigmondy, “Uber sichtbarmachung und gréssenbestim- 
mung Ultramikroskopischer Teilchen mit Besonderer Anwendung auf Goldrubinglaser,”’ 
Annal. d. Phys., 10 [4], 10 (1903). 

3G. Mie, “Die Qptische Eigenschaften Kolloidaler Goldlésungen,” Phys. Zeit., 
8, 769 (1907); J. C. M. Garnett, “Colours in Metal Glasses, in Metallic Films, and in 
Metallic Solutions—II,"’ Phil. Trans., 205, 241 (1906). 
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color production depending on the composition of the glass. Lead, tin 
and barium-bearing glasses require less gold than lime-glass. It is said 
that increasing stannic oxide enhances uniformity of red color and mini- 
mizes blue formation. 

And now a bit of comment on the author’s personal experiences. A 
gold ruby lead-glass was reproduced repeatedly for commercial use in 
fairly large-sized melts with good results. The color was uniform. In 
some small scale investigations as to the possibility of changing the color 
intensity, melts were made in covered Battersea crucibles. Their con- 
tents were poured into iron molds, forming flat buttons. These buttons 
were placed on asbestos board in an electric muffle furnace and heated up 
slowly until the glass melted, when the current was shut off and the fur- 
nace allowed to cool very slowly to room temperature. A set of buttons 
from a single crucible all showed nearly every color of the rainbow. Nor 
were the colors similarly located in the various discs. While these pieces 
constitute interesting museum specimens, the results are puzzling. 

II. The controversy between advocates of the cuprous oxide and col- 
loidal-copper theories concerning copper-red glasses eliminates them from 
our discussion. The matter is apparently unsettled.” 

Ili. Selenium glasses appear black when drawn from the pot. On 
cooling, they may become colorless, slightly opalescent, yellow, orange, 
pale red or deeper red, depending on the alkalinity of the batch and the 
unvolatilized selenium remaining in the glass. 

Batches for selenium glass usually contain sand, zinc oxide, alone or in 
partial substitution for lime (lead compounds are rarely used with the sul- 
phur family elements); potassium carbonate, alone or partly replacing 
sodium carbonate; antimony trioxide or cadmium sulphide; and a reducing 
agent, such as carbon, flour, sugar, or sulphur. Selenium is introduced 
as elemerit (black or red form), or as sodium selenite. Whether introduced 
as element or compound, a sufficient amount of reducing agent insures 
conversion to element. 

When the glass is reheated, it again turns black and on cooling assumes 
an orange-red to a garnet shade, depending on the selenium content and 
heat treatment. High alkali produces a deeper shade. The deep red 
glasses show no colloidal particles in the ultramicroscope, so the color, 
especially since it is deeper with higher alkali content, is probably due 


1H. T. Bellamy, ‘“The Development of Improved Gold Ruby Glass,” Jour. Amer. 
Ceram. Soc., 2 [4], 313 (1919). 

2 A. E. Williams, ‘‘Notes on the Development of the Ruby Color in Glass,’”’ Trans. 
Amer. Ceram. Soc., 16, 284 (1914); H. A. Seger, ‘‘Collected Writings,’’ 2, 734 (1902); 
G. G. Stokes, Math. and Phys. Papers, 4, 245 (1904); W. Rosenhain, “Glass Manufac- 
ture,’”’ 181 (1918); P. Zulkowski, ‘‘Uber die Natur einiger Kupferglaser,”’ Chem. Ind., 


20, 134 (1897). 
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to polyselenides,' just as the yellow or amber color with sulphur or reduced 
sulphates is due to sulphide or polysulphide formation. In salmon pink, 
opalescent and almost colorless specimens of selenium glass, colloidal 
particles may be seen. The reaction is represented as follows: 


“3Na,O + (2n + + NazSeO; 


the equilibrium being shifted to the left at high temperatures and in mix- 
tures rich in SiO2, and to the right at lower temperatures and in mixtures 
richer in alkali.”"* The colloidal particles are said to be less than 40 yy 
diameter. 

While discussing the effect of selenium, it might be well to include the 
related elements, sulphur and tellurium. Sulphur and tellurium act as 
coloring agents under reducing conditions similar to those mentioned for 
selenium, forming polysulphides and polytellurides, which color the glass 
yellow and red, respectively. Considering the sulphur family, we may say 
that the color of the glass varies from yellow to red progressively with in- 
creasing atomic weight of the elements, alkalinity of the batch, and re- 
ducing conditions. Before reduction, or through subsequent heating, 
and oxidation, or with increasing acidity of the glass, or with increasing 
viscosity of the glass (dependent on composition) the colloid-forming ten- 
dency progresses in the sulphur family with increasing atomic weight.* 
Sulphur and tellurium glasses which display colloidal phenomena are 
blue. 

IV. Soda glasses are colored blue to violet by X-rays and radium 
emanat on, and potash glasses brown. ‘The sodium color closely resembles 
that of blue rock salt. This color has been produced in the laboratory 
by exposing salt crystals to radium emanation, cathode rays or sodium 
vapor. The coloring of quartz and gems by ultra-violet light and radium 
is common knowledge today.® 

V. The dichroic effect seen in aqueous solutions of chromic’ salts 
and in the mineral Alexandrite has been obtained in glass by the writer. 
The color in aqueous media has been attributed to colloidal phenomena, 
and the color of the glass closely resembles this. If two cells containing 
the green chromium solution are superimposed, the transmitted light is 


1P. Fenaroli, “‘Uber das allgemeine Verhalten der Elemente Schwefel, Selen, und 
Tellur in Natron-Kalziumsilikatglasern mit besonderer Beriicksichtigung der durch 
dieselben bewirkten Farbungen,’’ Kolloid-Z., 16, 53 (1915). 

2? P. Fenaroli, ‘Red Pigment with Selenium Base,” Ind. Chim., 13, 98 (1913); 
through Chem. Abs., 7, 2840 (1913). 

’P. Fenaroli, “Das Tellur als Farbemittel in den Natronkalksilicatglasern,”’ 
Chem.-Zig., 38, 873 (1914). 

4H. Siedentopf, ““Ultramikroskopische Untersuchungen iiber Steinsalzfairbungen,”’ 
Ber. deutsch. phys. Ges., 3, 268 (1905). 

5 C. Doelter, “Das Radium und die Farben,’ (1910). 
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dark red. Superimposed pieces of chrome-green glass display the same 
phenomenon. ' 

VI. Platinum and other chemically inactive metals may color glass. 
The author has found that platinum electrodes, in molten soda-lime 
glass subjected to an electric current, will discolor the glass near the elec- 
trodes if the current frequency is not sufficiently high. While these glasses 
have not been examined ultramicroscopically, the author feels that the 
platinum is in colloidal suspension, as the conductivity cell was filled with 
broken glass towards which platinum should prove inert after the glass 
had melted. 

VII. Opalescence is considered a colloidal phenomenon. This is 
produced in glasses through the introduction of arsenious oxide, stannic 
oxide, calcium phosphate, cryolite, or mixtures of aluminium and fluorine- 
bearing compounds. The author’s researches in this field have been con- 
fined largely to alumina-bearing glasses and it has been interesting to ob- 
serve the effects of various agencies on the colloid. It was found that 
fused electrolytes, like NaCl and NasSO, dissolved in opal glasses, de- 
stroyed opalescence, just as dissolved salts would destroy it in aqueous me- 
dia, and produced alabaster glasses in which opalescence was no longer 
perceptible, the glasses transmitting white light instead of fiery light.” 

In alabaster glasses, the suspended particles are larger than in opal 
glasses, in fact so much larger that the phenomenon of opalescence dis- 
appears and white light is transmitted. Opal glasses behave like colored 
glasses which owe their color to the size of the suspended particles. If 
a light opal glass is reheated and cooled, the color intensity increases. 
The amount, degree and length of reheating determines the color and size 
of particles. As is the case with metal-colloid colors, true solution is 
effected if the glass is subjected to prolonged heating above its melting 
point. Even alabaster glasses may lose their color or become opalescent 
under these conditions. 

Alumina in aqueous suspension is regarded as a positive colloid. That 
the ions in a silicate or borosilicate glass, devoid of chlorides or sulphates, 
should not destroy opalescence is accounted for by the fact that electrical 
conductivity in a solid glass is due to positive metal ions which convey a 
direct current according to Faraday’s law.* Heating solid glasses which 
have been subjected to a direct current, results in the evolution of a quan- 
tity of oxygen, through breaking down of the silicate ions, equivalent to 
the metal liberated. Here the positive ions carry all the current while the 


1A. Silverman, “Similarity of Vitreous and Aqueous Solution,”’ loc. cit. 

2 A. Silverman, “Alabaster Glass: History and Composition,’ Jour. Amer. Ceram. 
Soc., 1, 247 (1918). 

3M. LeBlanc and F. Kershbaum, “‘Elektrizitatsleitung durch Glas,” Z. phys. Chem., 
72, 468 (1910). 
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negative silicate ions form a mechanically rigid framework.' That NaCl 
dissolved in molten soda-lime glass, ionizes and increases the electrical 
conductivity, has been shown through recently conducted researches in 
the author’s laboratory.” In these investigations .95% and 1.41%, respec- 
tively, of sodium chloride were added to the glass and the conductivity 
studied above 750°C. While the conductivity does not correspond to 
that of an equal concentration in water, results compared with those 
obtained for the conductivity of fused mixed salts* indicate ionization of 
the NaCl in molten soda-lime glass. The author concludes, therefore, that 
opalescence in alumina-bearing glasses free from dissolved chlorides or sul- 
phates is due to a positive colloid unaffected by the positive sodium and 
other metal ions present. Further that when alkali chlorides or sulphates 
are added, the negative chloride or sulphate ions cause precipitation and 
an alabaster glass results. 

An investigation of the history of clouded glasses indicates that as far 
back as the seventeenth century, or possibly earlier, and until the manu- 
facture of salt-free and sulphate-free alkali carbonates was perfected, all 
clouded glasses were alabaster and displayed little or no opalescence.‘ 
Natural and LeBlanc alkali carbonates contained sulphates and chlorides, 
and prevented opalescence, but with the introduction of pure potassium 
carbonate from Stassfurt and sodium carbonate made by the Solvay proc- 
ess, opal glasses came into being. It is interesting to note that with the 
advent of opal glasses, the art of making alabaster glass was lost for the 
time being, and that when the author began his work in the glass field 
in 1902, the production of this type of glass was his first problem. The 
effect was produced by adding salt to an opal batch, and later with salt 
cake and other sulphates and chlorides. Leave these out of the batch and 
the glasses are opalescent. 

Next, another observation must be recorded which is of interest. The 
alabaster effect failed to materialize unless an oxidizing agent was present 
in the batch. In other words, a batch containing salt yielded no opacity 
in the glass unless a nitrate was employed. When sulphates were used 
instead of chlorides, their partial decomposition yielded the necessary 


_ oxygen. Nitrates without chlorides insured opalescence but failed to pro- 


1C, Tubandt, “Uber Elektrizitatsleitung in festen Kristallisierten Verbindungen,” 
Z. anorg. allgem. Chem., 115, 105 (1921). 

2W. J. Sutton and A. Silverman, Joc. cit. 

3H. M. Goodwin and R. D. Mailey, “On the Density, Electrical Conductivity, 
and Viscosity of Fused Salts and Their Mixtures,’’ Phys. Rev., 25, 469 (19C7); 26, 
28 (1908); C. Sandonnini, “Electrical Conductivity of Mixtures of Fused Salts,’’ Atti 
acad, Lincei, 24 [I], 616 (1915). 

4A. Silverman, “Alabaster Glass: History and Composition,” Joc. cit. 

5 A. Siiverman, “The Chemist and the Glass Manufacturer,’’ Trans. Amer. Ceram. 
Soc., 12, 186 (1910). 
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duce the alabaster effect. It was also found that opal or alabaster glasses 
which had become transparent through prolonged heating above the melt- 
ing point, would regain their color if air was blown through the molten 
glass which was next allowed to cool. What does this mean? Is it an 
argument against the theory that opalescence in glass is due to colloidal 
suspensions and that these are precipitated or congealed into larger par- 
ticles through the influence of chlorides or sulphates? The author thinks 
-not. The high temperature of molten glass, if this is heated too long, may 
result in the formation of aluminites, aluminates, or aluminium silicates 
or borates, which enter true solution and yield a clear glass. Oxidizing 
agents and air probably cause a transformation in these compounds with 
the formation of colloidal AlO;. The ionized chlorides or sulphates then 
precipitate the alumina. 

VIII. Colloids in enamels and other decorative materials have not 
been discussed as the author feels that this topic could best be developed 
by a specialist in enamels. Reference should, however, be made to mirrors, 
in which the silver film, deposited on glass from ammoniacal silver nitrate 
by formaldehyde! and other reducing agents is of colloidal thickness as 
it appears blue by transmitted light. 

If reference to colloidal effects in glass by substances other than those 
mentioned in the chapter has been omitted, this has been done because the 
information appearing in technical publications is controversial or in- 
sufficiently established. 

It can be said, in conclusion, that glass may contain elements and com- 
pounds in colloidal suspension and that, except for freedom of motion, 
colloids in glass are similar to those in liquid media and subject to the same 
laws. 

DEPARTMENT OF CHEMISTRY 
UNIVERSITY OF PITTSBURGH 


1A. Silverman and P. D. Neckerman, “The Silvering of Glass,’’ Trans. Amer. 
Ceram. Soc., 17, 505 (1915); A. Silverman and R. M.jHowe, “The Deposition of Silver 
Films on Glass,’ Jour. Ind. Eng. Chem., 9, 1032 (1917). 


THERMAL EXPANSION OF FUSED QUARTZ! 


By Georce E. Merrittr 


The thermal expansivity of fused quartz does not seem at first thought 
particularly pertinent to the glass industry. Fused quartz is, however, 
the one constituent of glass which is indispensable. I take it that a glass 
which did not contain silica would be a sort of freak, and I hope to show 
that there is a little closer relationship between fused quartz and other 
glasses than you perhaps realize. ; 

Fused quartz really is a glass; not a mineral. It differs very largely 
from crystalline quartz in its ordinary as well as its special forms and from 
any crystalline form of quartz. It is neither alpha quartz nor beta quartz, 
neither crystobalite nor tridymite. Each of these has a characteristic 
thermal expansion curve, but none of them have expansivities different 
from those of ordinary glass. 

Fused quartz is remarkable among solids because of the smallness of 
its coefficient of expansion throughout the whole temperature range in- 
vestigated. We, at the Bureau of Standards, have carried these deter- 
minations higher than anyone else, as far as I know, that is to 1200°C 
(about 2200°F). Carl Scheel, a German physicist, has determined its 
expansivity down to —200°C. 

A comparison of the coefficients of some ordinary materials will be of 
interest: 


/meter per Temp. range, 

degree C degree C 
Ordinary steel 12 20 to 500 
Electric light bulb glass 9 20 to 400 
Pyrex glass 4 20 to 500 
Fused quartz 0.5 20 to 1000 


Near —70°C a sample of fused quartz reaches a minimum in length 
then, with further decrease in temperature, it expands. This expansion 
continues as the temperature is lowered to —200°C. Above —70°C 
the sample expands: the expansivity increases gradually until at room 
temperature it has the value .5 uw per meter per degree C which it maintains 
almost unchanged to 1000°C. The expansion curve between room tem- 
perature and 1000° is slightly convex upward, but so nearly straight 
that only the most exact measurements show any curvature whatever. 

At about 1000°C the expansivity increases, reaching a maximum at about 
1100° of about 1.2 uw per meter per degree before softening commences. 
At 1140° the sample becomes soft enough to sink slightly under a few 
grams weight. 

If held at a temperature above 1020°C, fused quartz will continue to 
expand at constant temperature. In the only determination made, this 
growth was found to have produced no permanent change in the size of 


1 Presented at the Atlantic City Meeting, Feb., 1924 (Glass Division). 
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the specimen. It is suspected that the cooling schedules were the de- 
termining factors in the case. 

The similarity in shape between the thermal expansion curves of fused 
quartz and those of several kinds of glass is shown in Fig. 1. 

CHAIRMAN: In speaking of fused quartz as a perfect glass I am sure all 
of us dream of the time when we can make packers’ jars and everything 
else out of pure silica and make it in a tank. Dr. Merritt, can you give 
us a value for the average coefficient of expansion of quartz between 0 
and 900? It seems to be almost a straight line. 


BUREAU OF STANDARDS 
WasHincTon, D.C. 


Dr. MERRITT: .5 of a micron per meter per degree. Some investi- 
gators in Europe have found values as high as .56 and others as low as 
| difference largely due 
not to experimental 
error but to the differ- 
{| ence in the fused 
quartz. Fused quartz 

is not absolutely pure 
+—+— except under very ex- 
| ceptional conditions 
and .5, I think, is as 

t——{ close as we can speak 
of a thermal expansion 
coefficient for fused 

a quartz in general. 
Dr. WASHBURN: A 
liquid such as fused 
quartz which shows a 


Jemperature in degrees Centigrade 

Fic. 1.—This figure shows the relative expansions of glass, minimum in its expan- 
pyrex and fused quartz plotted on the same scale. The sion curve is similar in 
similarity of the shapes of the curves is apparent. that respect to water. 


300 


Such liquids belong to a class known as associated liquids. If such an 
association exists with a high viscosity we have there an equilibrium which 
will not respond readily to changes in temperature. In other words, 
although the quartz might be chemically pure SiO, two different samples of 
fused quartz might still show different coefficients of expansion. Was more 
than one sample of fused quartz from different sources and perhaps with 
different heat treatments studied? A second question is with reference to 
the behavior of the fused quartz after it is held at temperatures around 
1200°. We know that under those conditions there is a slow transforma- 
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tion into cristobalite. Has any investigation been made of these samples 
and is there any evidence that such transformation occurred to an appreci- 
able extent? 

Dr. MERRITT: To answer the first question: The expansivities of about 
8 samples from different sources were measured and found to be sufficiently 
different so that we could detect a difference. This sample from which 
I took that curve (Fig. 1) that I put on the slide with the two glasses 
was measured three times, and the first time when it was badly strained 
it was quite a bit different from the other two. The second two curves 
fell almost on top of each other and with very slight differences except in 
the uppermost part of the curve. The first two times I did not carry it 
quite as far as I did the third time because I would not be able to run it 
again after carrying it to 1198°. I was not at all sure that there would 
be any surface left at all but there was enough surface left so that I could 


Fic. 2.—This figure is a diagram of the optical parts of the apparatus 
used in measuring these thermal expansions. 


follow the curve back down for a considerable portion of the way, in fact, 
until as far as I had patience to carry it. It came down parallel with itself 
just as the regular glass curves do. I notice that you refer to fused quartz 
as aliquid. I am not at all sure what it is but I belong to the school which 
considers glass as a highly viscous liquid. I know there are some here who 
would differ with that and I would not be at all dogmatic on that point. 

The second question has reference to formation of cristobalite. I 
did not hold that specimen at 1200° any longer than I could possibly help 
both because I wanted to be able to follow it down and also because I 
did not want to ruin my furnace any more than I had to, and so there was 
no evidence of any formation of cristobalite or tridymite during the 
time that I held it. 
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Dr. WASHBURN: Did you examine it optically afterward? 

Dr. MerriTr: No, I did not examine it optically except as to its 
clearness. It was perfectly clear, and the plate showed, when examined 
separately, no disturbance of the fringes. I did that so as to be able to 
examine the surfaces and the changes of parallelism, if any. I did not 
turn them over to Dr. Insley to look for cristobalite because I did not 
think it had been there long enough.—Perhaps 20 minutes above 1150° 
would be the extent of the heating. 

CHAIRMAN: I asked Dr. Merritt to give this paper,. knowing that you 
were interested in fused quartz and also in the apparatus which he used. 
There are several ways in which expansions are measured but I have 
no doubt that this is the most accurate method. How long does it take 
to prepare a sample of glass for this work? 

Dr. Merritr: It de- 

) T pends altogether on 
| whether it is desired to 
have a record of the 
homogeneity of the 
specimen. If it iswished 
to measure three sam- 
ples from the glass from 
different parts of the 
| | | melt, so that the differ- 
eel ) | + ence in thermal expan- 
| | | | sivity of the three parts 

|__| can be measured at the 
L200" boo’ boy oo | Same time as the aver- 
Temperature in Degrees Centigrade age thermal expansivity 

Fic. 3.—This curve, drawn from data obtained by Scheel of the whole thing, it 
shows the behavior of fused quartz below room tempera- takes a little longer. 
ture. Data obtained at the Bureau of Standards to 
— 50°C confirm this curve. 


Expansion ings per Cm 


When only an average 
coefficient is desired it 
takes only about 15 or 20 minutes to get the specimen into shape, if you 
have luck, and perhaps an hour or an hour and a half if you have bad luck. 

CHAIRMAN: How long does it take to make the run after you have pre- 
pared your sample? 

Dr. MERRITT: We generally run the specimen up at 3° to 3'/2° a minute 
and you can figure out for yourself as to the amount of time it will take 
when you know how high you want to carry your run. If it is only to 
500°, and most glass cannot be carried much higher than that, it will not 
take very long. 

CHAIRMAN: It is almost straight up to the critical point but can you 
carry it up to 100° in a couple of hours or less? 
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Dr. Merritr: Yes, if you carry it up to 100°. To prepare the speci- 
men perhaps you could do it in an hour or two. 

CHAIRMAN: You have only done one sample a day because you had to 
let your furnace cool down? 

Dr. Merritr: If you had several furnaces one man could run two 
samples a day or maybe more. I think though, that it would be very rash 
business to try to judge a glass from its thermal expansivity of 100° 
because although the glasses may have very similar expansivity the upper 
part of the thermal expansion curve gives you so much information about 
the annealing point and all that sort of thing, that as long as you have 
the specimen in the furnace you might as well run it up a few points 
higher. As a matter of factory control where the determinations are all 
in glasses of similar type, a run to 100° would be enough to detect change. 

Dr. SILVERMAN: In connection with our work en electrical conduc- 
tivity, we found an article by Foussereau, who shows that a glass conducts 
better when tempered than when annealed and that in certain lime glasses 
this conductivity de- 


creases two or three 
times on reheating and FUSED |quaRTs 
annealing. Conse- +9 | a 
quently I am wonder- es 
ing what the condi- 


tions are in the fused 
quartz. Dr. Washburn 
referred to this in 
part. I am wonder- 
ing whether any of 
these specimens were +6 | 


or studied under Fic. 4.—When held at any temperature above 1020°C 

fused quartz increases in size at constant temperature, but 

returns to its original length when cooled. This curve rep- 

that sort. - resents the behavior of a sample of fused quartz held for 
Dr. MERRITT: The 30 minutes at 1032°C. 


expansivity, of course, 
is different; that is, the shape of the curve is quite different. I am sorry 
I did not have prepared a comparison of two curves of annealed and 
unannealed quartz, that is, on the first and second runs on this sample 
you see very easily the difference there; as to the other matter of strain or 
change in index of refraction or anything of that sort I could not say at all. 
Dr. SILVERMAN: In what direction does the change take place? Is 
the expansion of an annealed specimen greater than that of a chilled 
specimen ? 
Dr. Merritr: In the first part of the curve the expansion of the chilled 
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L 


special conditions of 
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specimen is a little less than that of the expansion of the annealed specimen, 
but it is very little less. If it were drawn on the same scale which I showed 
you there in which the glass was almost a straight up and down curve 
you would not be able to see any difference between the two curves at all 
but when drawn on a large scale it shows a little difference at the point 
where the annealing takes place between 1000° and 1100°C. ‘The chilled 
quartz flattens off just as glass does; it becomes almost level, almost zero 
expansion, for a little way (showing the release of the strain) and at the 
point where expansivity increases it is likely to expand more than the 
fused quartz which has been already annealed. 

CHAIRMAN: Did you prepare specifications for this apparatus so that 
anybody who wanted one could order it? 

Mr. MERRITT: I have not done that. I prepared several slides which 
give the picture of the apparatus, a diagram of the optical parts of the ap- 
paratus which could be made and I could tell anyone where the optical 
parts could be obtained, whether they could be readily made or whether 
you could make them yourself. 


AN ADIABATIC METHOD FOR STUDYING SPONTANEOUS 
HEATING OF COAL! 


By J. D. Davis? anp J. F. Byrne? 


ABSTRACT 

An adiabatic calorimeter is described, by means of which the spontaneous heating 
characteristics of dry pulverized coal can be studied, so as to obtain a direct measure of 
the rate of spontaneous heating at different temperatures, uninfluenced by various heat 
interchange factors. Specimen time-temperature curves of different coals are presented, 
which show approximately the same rate of heating over corresponding temperature 
ranges. From these curves, it is concluded that the main characteristic of spontaneous 
heating is that the rate of heating is an increasing function of the temperature. An 
(a + T) 
(b—T) 
are determined for a Pittsburgh coal; © = temperature, and TJ = time. From this 
formula, it is concluded: (1) no heating will take place below 26.27°C; (2) the time re- 
quired for Pittsburgh coal to heat from this temperature to ignition is 144 hours, both 
the coal and the oxygen used being moisture free. 


empirical formula is developed, @ = K for which the constants, K, a and 3, 


Introduction 


A study of the spontaneous heating of coal is of practical utility, pri- 
marily because of its bearing on the problem of coal storage. The question 
of why coal heats spontaneously is not of such vital importance in this 
connection as a clear understanding of the conditions under which it will 
heat. Experience in the storage of coal‘ points strongly to the conclusion 
that while all known coals have been stored without spontaneous heating, 
there are conditions under which practically all bituminous coals have 
heated in storage. It is clear therefore that in order to successfully cope 
with the problem, the physical conditions more particularly which influence 
spontaneous heating reactions must be known. The nature of the chemi- 
cal constituents of coal which enter into the reactions and their quantita- 
tive effect is of secondary importance. This viewpoint led the writers 
to adopt a physical method of investigation rather than one based mainly 
on chemical procedure. In a word, the idea was to induce artificially and 
control spontaneous heating of a sample of coal so that all factors affecting 
its rise in temperature could be eliminated except the one due to oxidation. 
Once having realized this condition practically, other conditions—variable 
factors contributing to the spontaneous heating of coal, such as air supply 
and moisture content—could be introduced and their effects estimated. 
Thus if no heat exchange is permitted (the adiabatic condition) between a 
specimen of coal under investigation and its surroundings, any rise in 


1 Published by permission of the Director, Bureau of Mines. Reed. July 11, 1924. 

2? Fuels Chemist, Pittsburgh Experiment Station. 

® Junior Chemist, Pittsburgh Experiment Station. 

4H. H. Stoek, C. W. Hippard, and W. D. Langtry, “Bituminous Coal Storage 
Practice,’’ Illinois Eng. Exp. Station, Bull. 116, p. 23, 1920, 149 pp. 
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temperature of the coal must be due to heat generated therein—that is, 
to spontaneous heating. 

The purpose of this paper is to describe apparatus developed in the 
Bureau of Mines laboratory for the investigation of spontaneous heating 
of coal with adiabatic control, and to show briefly the extent of heating 
which takes place when the adiabatic condition is maintained. 


The Problem of Adiabatic Control 


There are two rather obvious methods available for preventing heat 
interchange between a body or system and its surroundings; these de- 
pend on (1) complete insulation, or (2) maintenance of the temperature 
of the environment of the body equal at all times to that of the body itself. 
The first method is open to the objection that there is no available insulat- 
ing material which is anywhere near perfect, and is subject to the dis- 
advantage that when the temperature of the insulated body is changing 
the insulator introduces a capacity factor which is hard to evaluate. 
For example: a Dewar flask, which is the best insulating container we 
have, will exchange heat with its environment at rates even greater than 
those observed for coal heating in storage. Clearly such an insulator is 
inadequate for protection of coal under study in the laboratory against 
heat exchange. Further, any spontaneous heating of a substance con- 
tained by a Dewar flask must involve heating of the flask walls which re- 
quires that heat be supplied by the substance. The heat so required is 
difficult to determine and this renders uncertain the estimation of that part 
of the change in temperature due to spontaneous heating of the substance. 
For the purpose here, method (2) would be ideal if it were possible to effect 
absolute temperature control, in which case there could be no heat inter- 
change between the coal and its environment, and the heat capacity of 
containers would not enter as with method (1). Unfortunately, absolute 
control is unattainable, and the question to be decided is, can it be made 
precise enough for the problem at hand? 

The precision required is obviously dependent upon the magnitude of 
the heating rates which it is desired to study. At low temperatures the 
heating rate of coal is very low and a high precision of temperature control 
is therefore required if the observed heating rate is to be significant— 
if it is precise enough to answer the question, for example, as to how fast 
a coal will heat spontaneously at room temperature. A rough idea of the 
required precision may be gained by examination of statistics! indicating 
how long it takes coal in storage to fire spontaneously. Thus for a number 
of cases of spontaneous combustion, eight weeks were required for the tem- 
perature to rise to the smoking point, say 300°C, which, if the rate were uni- 


1H. H. Stoek, C. W. Hippard, and W. D. Langtry, loc. cit. 


SPONTANEOUS HEATING OF COAL 811 


form, would fix it at 0.22°C per hour. Of course, the rate is not uniform, 
but one would judge from these considerations that the required precision 
is something better than 0.22°C per hour. On the other hand, heat may 
well have been conducted away from the coal piles at rates greatly exceed- 
ing 0.22° per hour, which would require that the heating rate chargeable 
to self-heating of the coal be much larger. The problem may be studied 
by determining the rate of self-heating in an adiabatic calorimeter. The 
apparatus finally developed by the writers gave adiabatic control good to 
approximately 0.15° per hour and this was sufficiently close to give posi- , 
tive indication of self-heating in coal at temperatures around 50°C. 


Apparatus and Experimental Method 


Figure 1 shows the apparatus used in this work. Referring to the figure; 
(a) is a Dewar flask holding approximately 4 liters of transformer oil in 
which is immersed the vacuum jacketed glass tube b for holding about 30 


g 
4-volt battery 


Timed contact 


Galvanometer 
J | hand 


/ \ 


/ A 8 
\ | 


110 volts a.c. 


Fic. 1.—Apparatus for adiabatic control. 


grams of the coal under investigation. Connected to the bottom of this 
tube is a '/,-inch branched tube which serves to admit oxygen to the coal 
- . and also the controller thermel c. This last is made up of 24 copper- 
constantan elements in se1ies giving ane. m. f. of approximately one micro- 
volt per 0.001°C differential between the oil bath and the coal sample. 
Attached to the wood cover of the flask a is the turbine stirrer e and the 
nichrome heating coil d. A Siemens and Halske temperature recorder / 
serves to record the temperature of the oil bath. The arrangement of the 
thermel c is such that it is entirely immersed in the oil bath which is of 
uniform temperature closely approximating that of the coal at all times. 
Therefore, the temperature of the junctions cannot be greatly affected 
by conduction of heat along the connecting wires. The thermel is con- 
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nected to a high-sensitivity reflecting galvanometer g (sensitivity 3 milli- 
meters per microvolt, meter scale) which reflects a beam of light from the 
lamp h to the sensitive surface of a selenium cell 7. This cell is connected 
through a 4-volt battery to the Thwing thermoelectric controller or relay / 
which is essentially a pointer galvanometer equipped with a periodic con- 
tact device actuated by clockwork. This forces a small block carried by 
the pointer to close one of two electric circuits every 5 seconds. These 
circuits are connected with the double relay k which opens and closes the 
heating circuit to the coil d in the oil bath. The function of this rather 
complicated system of relays is of course to make the controller thermel 
actuate the bath heating coil for the smallest possible temperature differ- 
ence between coal and oil and with the minimum time lag. With the 
present arrangement 0.013°C temperature difference is sufficient to actuate 
the heater and the time lag is about 15 seconds or somewhat less than that 
of a Beckman differential thermometer. 

There are several methods of increasing the temperature sensitivity of 
this apparatus, perhaps the easiest being to increase the length of the beam 
of light reflected by the galvanometer to the selenium cell. The cell is 
actuated by lateral displacement of the beam on and off its sensitive sur- 
face and lengthening the beam will increase the displacement in direct 
proportion to the beam length for a given angle of galvanometer deflection. 
There is an optimum length of beam, however, beyond which the stability 
of the galvanometer system is insufficient to give positive displacements. 
The zero shift becomes of the same order of magnitude as the least effective 
displacement. Further, with excessive length of beam absorption of light 
by the air becomes appreciable and it will not have sufficient intensity to 
properly operate the cell. Other ways of increasing the sensitivity are: 
substitution of a more sensitive galvanometer and increasing the number 
of elements of the thermel. Without going into the limitations of the 
several ways of increasing sensitivity it will be sufficient to observe that 
with this apparatus a sensitivity as great as 0.002° to 0.005° is attainable. 
However, in order to utilize such a high sensitivity the various lag factors 
of the apparatus would have to be made much smaller than the writers 
have been able to make them so far. 

One of the most troublesome lag effects is introduced through variation 
in the amount of heat required by the oil bath. Thus when the coal is 
heating slowly as at low temperatures the oil bath requires very little heat 
and its rate of input may be so adjusted as to correct largely for the lag of 
the electric controller. This adjustment, however, will not hoid for higher 
temperatures where the coal is heating rapidly and the radiation from the 
oil bath is much greater. In spite of the fact that a temperature sensi- 
tivity of 0.013°C was attained (and a higher sensitivity was easily at- 
tainable) owing to lag effects, the adiabatic control was not better than 
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0.15°! per hour. This means that for any given test run the recorded 
heating rate was subject to an error as large as 0.15° per hour. 


Experimental Method 


In order to eliminate thermal effects other than that due to oxidation 
of the coal tested fresh samples pulverized to 100 mesh and preserved in 
natural gas were first dried at 140° in a current of gas. This was the 
highest temperature reached in the test range, and it was necessary to have 
the coal dry at all lower temperatures, since otherwise moisture evaporat- 
ing during the test would abstract heat (latent) from the system. The 
dried sample, about 35 grams, was allowed to cool and was then placed 
in the test apparatus, the oil bath being heated to a starting point pre- 
viously fixed upon. ‘This last was usually 50°C or 70°C. 

A slow current of gas, dried over HeSO, was now passed through the coal 
until it heated up to the temperature of the oil. This required from */, 
to 1!/, hours. After bringing the coal and oil to the same temperature 
the switches of the automatic adiabatic control were closed, and while 
the stream of natural gas was maintained a zero setting of the apparatus 
was obtained. The zero position of the reflected beam of light on the selen- 
ium cell was so adjusted as to correspond to zero e.m.f. of the control 
thermel so that for the smallest e.m.f. differential the cell would operate 
the relays to the oil bath heater. Since there could be no self-heating of 
the coal while kept in a dry inert atmosphere the whole system remained 
at constant temperature when perfect adjustment was secured. A Beck- 
man thermometer reading to 0.01°C kept in the oil bath, served to indi- 
cate the temperature fluctuations, and it usually required several hours 
time with occasional temperature observations and several trial adjust- 
ments of the apparatus to get the system to equilibrium at constant tem- 
perature. After this had been accomplished the temperature recorder 
was started and the gas stream was replaced by a stream of dried oxygen 
from a closed circulating system at a rate of about 150 cc. per hour. It 
was found that at this rate the gas would be heated to the temperature of 
the oil bath on passing through the immersed intake. Further, the gas 
after passing through the coal still contained 60 to 80 per cent oxygen, 
showing that there was sufficient excess for the oxidation reactions. The 
coal was allowed to heat under the above conditions until the temperature 
rose to 130 to 140°C or well above that considered dangerous in coal stor- 
age. This required from 12 to 48 hours, depending on the kind of coal and 
the initial temperature. ‘Phere being no interchange of heat between the 
coal and its surrounding and no appreciable loss or gain by latent heat of 
vaporization, the rate of heating shown by the recorder was taken as di- 


1 Since this was written control good to 0.015° per hour has been realized. 
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rectly proportional to the intensity of self-heating of the coal over the 
temperature range studied. 


Character of Spontaneous Heating 


Figure 2 shows the rise in temperature with time for two coals—lignite 
and peat—when allowed to heat spontaneously in the apparatus described 
above. Under the conditions prevailing all variables known to influence 
self-heating in a coal pile have been eliminated except that due to varia- 
tion in the coal composition. The coals tested were sized to 100-mesh. 
If they had been coarser the heating rates undoubtedly would have been 
smaller thus flattening the curves but not changing their general trend. 
Fine coal was chosen for testing because it oxidizes faster than coarse 
coal and by such choice the observation time could be reduced to a mini- 
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Fic. 2.—Spontaneous heating of dry powdered coal in dry oxygen. 


mum and small errors in adiabatic control had a minimum effect. Curves 
1 and 2 represent duplicate runs on an Illinois coal; curve 3 represents a 
single run on lignite; curves 4, 5, 6, apply to runs on Pittsburgh coal for 
different starting temperatures. The heating of a sample of peat is also 
indicated in the figure. 

Of the samples tested, Illinois coal oxidizes most rapidly, that is, it has 
the most rapid heating rate, and peat most slowly. In fact the result for 
peat may be taken to mean that compared with coal it is not subject to 
spontaneous heating at all. On examination of the coal and lignite curves, 
particularly curves 5 and 6, it will be seen that the rate of spontaneous 
heating is a function of the temperature; that is, the higher the temperature, 
the more rapid the heating rate. All coals so far tested show this general 
characteristic and the curves are very similar in shape over corresponding 
temperature ranges where the same scale is used in plotting. Peat shows 


= 
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a constant heating rate within the temperature range where it was tested 
and differs in that respect from coals which are known to heat spontane- 
ously. The writers suggest, therefore, that the main characteristic of spon- 
taneous heating is that the rate of heating is an increasing function of the 
temperature. All organic materials which heat in this manner would 
be expected ultimately to fire spontaneously under favorable conditions; 
that is, provided a sufficient air supply and not too rapid escape of the heat 
generated. Experience teaches us that some organic materials fire spon- 
taneously and some do not. The reason for this would logically be sought 
in differences in chemical constitution—but the constitution of such 
substances as coal and peat is not known. One distinguishing charac- 
teristic between the two kinds of materials apparently lies in the difference 
in character of their heating rates. Suffice it to say now that the charac- 
teristics noted seem to apply generally and to represent with fair accuracy 
the rate of oxidation of dry pulverized coal when adiabatic conditions are 
maintained. With a view to clearer exposition of the facts involved the 
mathematical treatment which follows was applied to curve 5. 

The emprical formula! 6 = K see was found to fit the curve at all 
points within the limits of experimental error. In the formula 6 = 
temperature, 7 = time and K, a and bareconstants. The values of these 
constants for this particular curve are: —26.27, —103 and 61.74 respec- 
tively; for the similarity of this curve to those fer other coals it may be 
assumed that with proper constants the formula has general application. 
Analysis of the formula shows that: 

(1) When b=T = 61.7, 6 = infinity; which means that it will take 61.7 
hours heating from the starting point (42°C) before ignition takes place. 
From the plotted portion of the curve it will be seen that this may well 
be true. 

(2) On making 7 equal to —infinity it will be seen that the expression 
— infinity 
+ infinity 
ever, by differentiating numerator and denominator of the fractional 
(—1) 
(+1) 
that at some time 7 is negative (out of the range of the plot) a limiting 
temperature (26.27) is reached below which spontaneous heating does 
not occur. Experimentally, spontaneous heating could not be started 
below 37°C, which indicated that a lower limiting temperature does 
actually exist. 


takes the indeterminate form K -which may be evaluated, how- 


= 0 = 26.27°, which means 


part with respect to7. ‘This gives K 


1 Choice of an appropriate time-temperature scale is necessary in plotting; other- 
wise important characteristics of the function may be masked. For the work here 
unit time is taken as 1 hour and unit temperature corresponding is taken as 5°C. 


816 DAVIS AND BYRNE 


a+T 
es ~ , making 9 equal to 26.27, the tem- 
perature below which there is no heating, and solving for 7, the equation be- 

comes _- = —1, from which, with the substitution of the values found 
for the constants, —7 equals —82.3 hours; which means that starting 
from a temperature of 26.27°C it would require 82.3 hours for the system 
to heat to 42°, from which time was measured in the plot. 

(4) From (1) and (3) it is seen that the time required for the coal to 
heat spontaneously from 26.27° (the point where heating starts) to the 


ignition point is: 61.74 + 82.3 equals 144 hours. 


(3) From the equation 0 = K 


Summary 


1. An adiabatic calorimetric apparatus was developed by means of 
which the spontaneous heating characteristics of fine dry coal could be 
studied so as to obtain a direct measure of the rate of spontaneous heating 
at different temperatures, uninfluenced by various heat interchange fac- 
tors—such as conduction, ventilation and latent heats—known to effect 
the heating of coal in storage. 

2. Specimen time-temperature heating curves in pure oxygen are given 
which show very nearly the same rate of heating intensities over corre- 
sponding temperature ranges for all coals studied where true spontaneous 
heating took place; the curves all have the same general trend. 

3. A heating curve for Pittsburgh coal was treated mathematically 
and it was shown that under adiabatic conditions and in an atmosphere 
of oxygen: 

(a) ‘The coal would start heating at a temperature of 26.27°C; no heat- 
ing would take place below that temperature. 

(b) Using the experimental data of the plot and that calculated by 
means of the formula, the time required for dry Pittsburgh coal to heat 
from the lowest temperature at which heating would develop to the 
ignition temperature was 144 hours, adiabatic conditions being maintained 
and dry air being used. 
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COMPARISON OF METHODS OF ANALYSIS OF GYPSUM! 


By P. P. Bupnrxorr 
(TRANSLATED FROM THE RussIAN By W. M. STERNBERG) 


ABSTRACT 
The different analytical methods proposed for the evaluation of gypsum have been 
subjected to an experimental test. A combination method, consisting of a fusion 
with KHCO; and determination of CaO by KMn0Q, titration, the SO; by Andrews’ 
method of titration of BaCrO,, has been found to give very reliable results with the 
least consumption of time. 


Introduction 

Gypsum is acquiring of late an ever-increasing importance in construc- 
tion work. In connection with this there has been made a number of 
attempts to work out standard methods for testing of gypsum. W. E. 
Emley and C. F. Faxon? propose to compute the relationship between the 
resistance to compression and stretching and the gypsum contents. Be- 
lieving such methods to be of great importance and wishing to work out 
reliable methods of chemical analysis of gypsum we have attempted to work 
out a standard method and compare results. As raw material we have first 
used Kahlbaum’s c. p. CaSO,.2H,2O and later we have extended the work to 
industrial gypsum. 


Ammonium Carbonate Method 

This method is based on the transformation of gypsum in water into 
CaCO; solution by means of ammonium carbonate, in accordance with the 
reactions CaSO, + (NH,)2CO; = CaCO; + (NH,4)2SO,. CaCO; being the 
less soluble the reaction proceeds from left to right. The interaction 
takes place rapidly at first but the end is only reached in 15-20 hours with 
frequent stirring. 

The sample of gypsum is placed into a 200-cc. Erlenmeyer flask contain- 
ing a saturated solution of (NH,)2CO;. The mixture is shaken for one- 
half hour and then permitted to stand for 24 hours. The precipitate is 


RESULTS OF ANALYSIS 


Found Calculated 
CaO 33.07% 33.01 32.56 
SO; 46.78 46.56 46.52 
H.O 20.82 20.80 20.92 
100.67 100.37 100.00 


filtered off, carefully washed with water on the filter paper and the SO, is 
determined in the filtrate by precipitating with BaClh, after acidifying 
with hydrochloric acid. The precipitated CaCO; on the filter paper is 


1 Recd. June 14, 1924. 
2 “Results of Testing of Gypsum Products,”’ Jour. Amer. Ceram. Soc., 3 [12], 
984-93(1920). 
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dissolved with HCl and the CaO in it determined gravimetrically by pre- 
cipitation with (NH,)2C20,. 

A small error tending to increase CaO may be due to the fact that part 
of CaSO, resists decomposition. To obtain the best results an excess of 
(NH,)2CO; must be used and the samples taken should not be greater than 
0.3-0.4 gm. 

The residue on the filter paper may consist not only of CaCO; but also 
of Fe(OH); and Al(OH); when industrial gypsum is analyzed. In that 
case upon dissolving the precipitate, Fe++*+ and Al+*+* are first precipitated 
in the usual way with NH,OH and later on the Ca**. 


Fusion Method 


The sample of gypsum is fused with 5-6 times its weight of NaKCOs,, 
dissolved in water, the CaCO; separated from Na2SQ, by filtration of the 
cold solution and CaO and SO; determined as above. 


RESULTS 

Found Calculated 
CaO 32.44 32.56 
SO; 46.70 46.52 
H,O 20.89 20.92 

100.038 100.00 


The insoluble residue obtained with industrial gypsum upon decomposing 
the melt with water may contain Al(OH);, Fe(OH); and insolubles. ‘The 
SO; is determined in the water extract in the usual way and FeO ;, Al.O; 
and CaO determined in the water insoluble residue. 


Determination of Sulphuric Acid According to Raschig! 


This method is based on the slight solubility of benzidine sulphate 
NHe.CsHy.CsH;.N He.H2SO, and on the strong hydrolysis of salts formed 
by the union of strong acids with weak bases. Benzidine sulphate, 
Ci2Hs(NHe)2.H2SO, is broken up into benzidine and free sulphuric acid 
which is titrated with NV /10 NaOH in presence of phenolphthalein. The 
formation of benzidine sulphate and its hydrolysis take place in accordance 
with the equations: 

1. + CaSO, = CrHs(NH2)s.H:SO, + CaChk 
2. + 2H:xO = + 


A sample of gypsum of about 0.2 gm. is dissolved in 150-200 cc. of boiling 
water. The cooled solution of the sulphate is added with stirring to the 
benzidine solution. For the given weight of sample 200-300 cc. benzidine 
hydrochloride are taken. The precipitated C1Hs(NHe2)2H2SO, is filtered 


1 Z. fiir ang. Chem., 617, 818(1903); Z.f. anal. Ch., 42, 477(1903). 
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off, washed, transferred with the filter paper into a flask with water, heated 
to 50-60°C and titrated with N/10 NaOH. 


OF ANALYsIS: found, 45.69; 45.52;. 45.54; 46.23%. Calculated, 
46.52%. 


Raschig’s method deserves attention because of its rapidity. 


Determination of Sulphuric Acid According to Andrews’ 


This method is based on the solubility of BaCrO, in hydrochloric acid 
while BaSO, is practically insoluble. By adding BaCrO, suspended in 
water to a hydrochloric acid solution of the sulphates we precipitate the 
barium in the form of BaSO, and subsequently we precipitate BaCrO, 
after neutralizing the solution. The amount of chromic acid left in solu- 
tion is equivalent to the amount of sulphuric acid originally present. 
The amount of chromic acid is determined iodometrically by titration with 
sodium thiosulphate and the SO; calculated from the analytical results. 

The sample of gypsum is dissolved in 10 cc. of hydrochloric acid, ‘sp. 
gr. 1.17, 6 cc. BaCrO, suspended in water are added and the mixture heated 
15-20 minutes. Upon cooling the solution is neutralized with ammonia 
to a weakly alkaline reaction. The solution and precipitate are trans- 
ferred to a 250-cc. measuring flask, diluted to the mark and filtered. One 
gram KI is added to 100 cc. of the solution, acidified with 5 cc. concentrated 
HCl, the flask covered and permitted to stand for 20 minutes, after which 
the separated iodine is titrated with Na2S,O; solution in the presence of 
starch. 

RESULTS OF ANALYsIS: SOs, found, 46.63%; 46.50%. Calculated, 46.52%. 


Andrews’ method appears to be fully reliable and easy of execution. 


Titration Method with KMnO,? 
This method is based on the reaction: 
2KMnO, + 5CaC,.0, + 8H:SO, = 5CaSO, + 2MnSO, + K.SO,; + 10CO, + 8H:0 


0.2 gm. gypsum are dissolved in 20 cc. of moderately strong HCl, diluted 
with 100 cc. water and made weakly ammonical with ammonia. The 
solution is heated to boiling and precipitated with a boiling solution of 
(NH,4)2C20, added drop by drop. The precipitate is permitted to settle 
for 1-2 hours, filtered through an ashless filter, washed first with a solution 
of (NH,4)sC2O0, and later with water. The CaC,O, is transferred with the 
filter paper into a 500 cc. Erlenmeyer flask, 250 cc. water and 5 cc. con- 
centrated H.SO, are added, heated to 70°C and titrated with V/10 KMnQ,. 


RESULTS OF ANALYsIS: CaO, found, 32.38; 32.48%. Calculated, 32.56%. 


1 Amer. Chem. Jour., 2, p. 567. 
2 “Classen Ausgewahlten Methoden der Analytischen Chemie,’”’ Bd. I, 794(1901). 
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This method of determination with KMn0O, has all the advantages over 


other methods in accuracy and speed. 
By combining Andrews’ method with that of titration with KMnO, 


the following results had been obtained: 


Found Calculated 
CaO 32.68 32.56 
SO; 46.15 46 .52 
H,O 20.90 20.92 

99.73 100.00 


Analysis of Commercial Gypsum, CaSO,.1'/.H,O 


We have analyzed industrial gypsum by the method of fusion and the 
combined Andrews’ and KMnQ, method, with the following results: 


Method Sample, gm. CaO, gm. SO;, gm. %CaO %SO: %H2O Total 
Fusion 0.3024 0.1102 0.1543 36.44 51.02 10.77 98.23 


Combined 0.1255 for CaO 0.04585 0.06385 36.53 50.82 10.77 98.17 
0.1255 for SO; 


The table below summarizes all the results obtained: 


CaO SOs 

Sample, found, found, CaO SOs H:0 
No Method gm gm. gm. % % % Total 
1) Ammonium 0.1690 0.0559 0.0791 33.07 46.78 20.82 100.67 
2\ Carbonate 0.1729 0.0571 0.0801 33.01 46.56 20.80 100.37 
3 Fusion 0.2238 0.0726 0.1045 32.44 46.70 20.89 100.03 
4 Raschig’s 0.2001 0.09145 45.69 
5 Raschig's 0.2002 0.09113 45.52 
6 Raschig’s 0. 2004 0.09287 45.54 
7 Raschig’s 0.2044 0.0945 46.23 
8 Andrews’ 0.2104 0.0981 46.63 
9 Andrews’ 0.2035 0.0946 46.50 
10) KMnO, 0.2019 0.06538 32.38 
11) Titration 0.2102 0.06829 32.48 


12 Combina- 0.125 


tion of /SO; 0.125 
Calculated 32.56 46.52 20.92 100.00 


0.04086 0.05267 32.68 46.15 20.90 99.73 


Results obtained lead to the conclusion that for industrial purposes the 
combination of Andrews’ and KMnQ, titration method gives an entirely 
reliable and rapid analysis of gypsum for the determination of CaSQ,. 
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THE DIRECT FIRED CAR TUNNEL KILN ON ROOFING TILE! 


By C. R. Minton 


ABSTRACT 

The pioneer car tunnel kiln for the firing of roofing tile is described. The kiln is 
324 feet, 11'/: inches long and holds 52 cars each of which carries 2.3 tons of fired ware. 
Ten furnaces equipped with Maxon Premix combination oil and gas burners are used. 
A schedule of one car every 65 minutes is in operation, 56 hours and 20 minutes being 
required for a trip through the kiln. The ware reaches a maximum temperature of 
1820°F and is drawn from the kiln at 400°F. Additional cooling is accomplished 
with a portable fan. The kiln has a capacity equal to ten 30-foot round down-draft 
kilns and shows a fuel saving over the latter of 64.2%. A total of 15h. p. is required. 
A saving in setting and drawing labor of 29.2% and 45.8% respectively is effected. 


Another milestone in the advance of the direct fired car tunnel kiln 
into the heavy clay wares field has been marked by: the successful opera- 
tion of the Harrop Car Tunnel Kiln for firing roofing tile which has re- 
cently been installed at plant No. 1 of the Los Angeles Pressed Brick 
Company of Los Angeles, California. 

The kiln proper has a length of 324’ 11'/2”, a tunnel! width of 4’ 10’, 
and an available setting height from car top to spring of arch of 

The kiln holds fifty-two cars inclusive of one car in the charging vesti- 
bule. No discharge end vestibule is used. The refractory car top is 
6’ 21/4,” long and 5’ 2” wide. Each car weighs 3610 pounds and carries ° 
a double deck or bench superstructure weighing 2450 pounds. These 
benches consist of fire clay slabs 3” in thickness supported by 6” x 6” 
fire clay posts. The available setting space on the car top and each super- 
structure deck measures 5’ 10” long and 4’ 4” wide. Each car has a 
capacity of 766 pieces or 2.3 tons of burned ware. 

An oil gear pusher moves the 554,320 pound train through the kiln, a 
total pressure of 18,000 pounds being required. 

Along the firing zone of the kiln are ten furnaces, five on each side. Each 
furnace is equipped with a Maxon Premix combination oil and gas burner. 

Special features of the kiln consist of a watersmoking device and two 
oxidation furnaces. The latter are located one on each side of the kiln 
approximately mid-way between the charging end and firing zone. These 
furnaces are only intended to be used when burning heavier wares such as 
brick, for which the kiln is also designed. 

The kiln with its return and reserve tracks is housed in an Austin stand- 
ard steel building 352 feet in length and 40 feet in width. The cost of this 
building erected complete on foundations in place was approximately 
$18,000. 


1 Presented at the Atlantic City Meeting, Feb., 1924 (Heavy Clay Products Di- 
vision). 
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The kiln is located at right angles to the tunnels of a waste heat drier 
(Fig. 1) and by means of turntables the cars of dried ware are placed upon 
a track which closely parallels the kiln car return track. The operation of 
setting is thus direct from the drier car to the kilncar. A clear space of 
thirty inches in width betweeen the drier cars and the kiln car has been 
found to be the most efficient for the transfer of ware. The setting zone 
occupies approximately the middle third of the kiln length and as soon as a 
car is loaded it is pushed by hand to the reserve zone near the charging end. 

Under the present operation only four furnaces on each side are in use. 
These are fired with natural gas having a 1100 B.t.u. value. 

At the present rate of production and operation one car is removed 
from, and one car is placed in, the kiln every 65 minutes. It is evident 
that this schedule can be reduced to one hour and perhaps less. On the 
65-minute schedule a car passes through the kiln in 56 hours and 20 min- 


352-0" 

“Ure rometer House 

E 


Waste Heot Tunne! Drier 


AA 


Fic. 1.—Harrop Tunnel Kiln, Los Angeles Pressed Brick Co. 


utes. Of this time approximately 22 hours are required for watersmoking, 
and oxidation, 8 hours for actual firing and soaking, and the remainder in 
cooling. 

In its passage through the kiln the ware reaches a maximum tempera- 
ture of 1820°F as recorded by the thermocouple in the crown. On the 
car cone 04 is down. 

Characteristic of this design of car tunnel kiln, the bottom exhibits a 
tendency to become hotter than the top. However, the top temperature 
can easily be evened to that of the bottom by a slight upward inclination 
of some of the burner nozzles. Since the market demands a variation 
in shades the bottom tiles are generally burned harder than the top. 

It has been found best to draw the ware from the kiln while it is at a 
temperature of about 400°F. In order to cool it toa handling temperature 
and keep pace with the unloading, a cool air blast from a portable fan is 
turned upon the ware soon after it is removed from the kiln. 

With one handling the cooled ware is unloaded from the kiln car, sorted, 
graded, and stacked upon trailers which are hauled by gasoline trucks to 
the storage yard. 


TUNNEL KILN ON ROOFING TILE 823 


With an average output of 2.3 tons of burned ware per car, the 65-minute 
schedule produces 51.60 tons per day or 1548 tons per 30-day month, 
which is practically equal to the average monthly production of ten thirty- 
foot round down-draft kilns which totals 1660 tons. 

The best monthly average of first quality ware has been 94.2 per cent. 

Twenty-five hundred cubic feet of natural gas is consumed per ton of 
fired ware as against 7000 cubic feet per ton in a thirty-foot round down- 
draft kiln. This is a direct fuel saving of 64.2 per cent. 

The electric power required by the kiln includes a 15 h. p. draft fan motor, 
a 15h. p. pressure fan motor, ten '/2 h. p. burner motors, and a pusher 
motor of */, h. p., or a total of 35°/, h. p. 
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Fic. 2.—Temperature record. 


The charging, firing and drawing of the kiln are handled by one burner. 
Any assistance needed in moving of cars, etc. is called from general labor. 

Setting the kiln cars requires 2.14 labor hours per ton of burned ware 
while the setting of a thirty-foot round down-draft kiln requires 3.02 
labor hours per ton. Drawing or unloading the kiln cars requires 1.06 
labor hours per ton while drawing a thirty-foot round down-draft kiln 
requires 1.96 labor hours per ton. The labor saving in setting and un- 
loading is 29.2 per cent and 45.8 per cent respectively. 

Recently an experimental setting car caused a wreck which required 
the shutting down of the kiln for its removal. After three months’ contin- 
uous operation the interior of the kiln was found to be in perfect condition 
and the exterior exhibited only a few small cooling cracks. The expansion 
joints had functioned perfectly. 


Los ANGELES PRESSED Brick Co. 
Los ANGELES, CALIF. 


AVENTURINE GLAZES! 


By V. K. HALDEMAN 
Introduction and Historical 


The production of an aventurine effect consists in the addition of a 
metallic oxide to the glaze in such quantities that, when heated to a 
molten mass, the glaze matrix becomes saturated and as the glaze cools, 
supersaturation results, with the ultimate precipitation of thin plate-like 
crystals or spangles. 

The oxides most commonly used for this purpose are those of iron, 
chromium and copper.” The oxide is not always used. For instance, 
in the case of iron aventurines, finely powdered iron, ferrous oxide, 
ferric oxide and ferrous sulphate have all been used with some degree of 
success. 

According to the statement of Wohler,* a chrome aventurine may be 
produced by a mixture of kaolin 31 parts, quartz sand 43 parts, gypsum 
14 parts, and ground porcelain 12 parts. This is finely ground and mixed 
with 300 parts of water. To the glaze slip is added 19 parts of potassium 
dichromate, 47 parts of sugar of lead, and 100 parts of iron vitriol (ferrous 
sulphate) and as much ammonia as is necessary to completely precipitate 
the iron. By repeatedly washing with water, the glaze is freed of the 
potassium and the ammonium salts. It is applied in the usual manner, 
and burned in a porcelain kiln. 

Mackler* used Wohler’s formula, but obtained no satisfactory results. 
However, by covering the trial pieces thus obtained with an easily flowing 
lead glaze, he succeeded in producing a dark colored glaze mass penetrated 
with crystals. 

He treated a glaze of the following formula: 


\ 


.25 Na,O > 0.75 BO; 2.25 SiO, 
0.50 CaO 


/ 


~ 


with increasing amounts of chromic oxide, and found that a glaze contain- 
ing 2% chromic oxide showed groups of beautiful glittering crystal flakes. 
In glazes of higher chromic oxide content the precipitate appeared in in- 
creasing amounts, and with 6% chromic oxide, the crystals had formed in 
masses. In order to bring about an equal distribution of the flakes, he 
treated the 2% chromic oxide containing glaze with 3% charcoal, by which 


1 Report on an investigation undertaken to satisfy in part the requirements for the 
degree of B.S. in Ceramic Engineering at the University of Illinois. Recd. May 2, 1924. 

2C. W. Parmelee and John Lathrop, ‘“Aventurine Glazes,’”’ Jour. Amer. Ceram. 
Soc., 7 [7], 567(1924). 

3 Wohler, Sprechsaal, 29, 463-4 (1896). 

4 Mackler, Tonind. Ztg., 219 (1896). 
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was produced a strong boiling effect and intimate mixture of the molten 
mass. 

He next treated the easily flowing glaze, of same formula given above, 
successively with 25% ferric oxide, 15-20% powdered iron, 25.8% FeO, 
and finally with 12.9% FeO and 14.3% Fe,O;. In each case an aventurine 
effect was produced. Treating with ferric oxide alone gave grayish 
metallic light crystal flakes; with 15-20% powdered iron, a transparent 
yellow glaze penetrated by innumerable golden yellowish flakes; FeO 
alone, a transparent yellow glaze with crystal flakes; the combination of 
ferrous and ferric oxides, a very beautiful transparent aventurine glaze, 
penetrated evenly by glittering flakes. 

Mackler' also attempted the production of a copper aventurine by add- 
ing 5% CuO and FeO to the base glaze already given, but received only a 
transparent green glaze. 

Petrik? found that by melting dehydrated iron vitriol and common salt 
together, flakes of iron oxide are produced which dissolve only with very 
great difficulty in molten glass, and give accordingly an aventurine forma- 
tion. He glazed the trial pieces twice, first with the normal glaze mixed 
with crystalline ferric oxide, and afterwards with an easily flowing trans- 
parent yellowish brown-lead glaze. 

He imitated a chrome aventurine by first covering the trial pieces 
with the glaze containing crystalline ferric oxide and placing over this 
a greenish copper-lead glaze. 

Another German investigator*® has found that crystalline deposits in 
glazes may be obtained by saturating the glaze with the oxide and then 
adding an excess in crystalline form. The crystalline oxides are prepared 
by heating iron alum, manganese sulphate or chrome alum or potassium 
dichromate with equal parts of cooking salt in a refractory crucible to the 
strongest kiln temperature. 

He gives the following as a suitable glaze: 


Cryst. borax 38.2 parts Quartz sand 120.0 parts 
Calcium carbonate 10.0 parts Oxide x 
Minium 70.0 parts 


where x may be 40 parts of ferric, manganese or chromium oxide. The 
glaze mixture is composed of 250 parts frit and 12.9 parts kaolin. This is 
ground finely and treated with 2 to 10% of the crystallized oxides. The 
firing temperature lies between cone 09 and cone 2. 

Another German investigator‘ recommends this glaze as a good iron 
aventurine answering to all the requirements: 


1 Mackler, Sprechsaal, 29, 491 (1896). 
? Petrik, Sprechsaal, 29, 548-9 (1896). 
3 Sprechsaal, 40, 329-30 (1907). 

4 Sprechsaal, 33, 1671 (1900). 
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Sand 444 parts Feldspar 13 parts 
Borax 330 parts Potassium nitrate 38 parts 
Ferric oxide 148 parts Barium carbonate 27 parts 


Frit all ingredients. Grind finely and use without further additions. 
Riddle! made a good aventurine by supersaturating the following frit 
with some coloring oxide, ferric oxide working especially well, giving a 


rich red color: 


0.25 K,O 
0.25 Na,O 0.75 BeOs 2.25 SiOg 
0.50 CaO ) 
BaTtcu WEIGHT 
Potassium nitrate 13.95 parts Borax 26.38 parts 
Calcium carbonate 13.81 parts Flaky boric acid 8.53 parts 
Flint 37 .29 parts 


This glaze has the same formula as the glaze used by Mackler. 


Scope of Present Investigation 
The object of this study was to determine the effect of substituting 
chromic oxide for ferric oxide and alumina in a cone 02 aventurine glaze. 
As an aid in the development of such an aventurine, the substitution of 
lithium oxide for sodium oxide in the RO member was also investigated, as 
well as the effect of variation in the boric oxide 


Fa valent 


content. Anattempt was made also to ascertain 
op I the heat treatment which promoted develop- 
5 .60 ment of crystallization to the greatest degree. 
#5 40 135 Method of Investigation 
[23 ae [25 [26 [27 The study was divided into four series: 
1. Using a cone 02 iron aventurine as a base 
es glaze, chromic oxide was substituted for ferric 
75 (00125 150/75 200225 Oxide in such a manner as to maintain the sum 
Equivalents of Bor the two constant (0.85) equivalents but allow- 


oy ries ing the iron oxide to vary between .05 and .85 
equivalents and the chromic oxide between zero and .80 equivalent. The 
boric oxide was made to vary between .75 and 2.25 equivalents. 

The field of investigation was laid out on a rectangular diagram as shown 


(Fig. 1). 
The base glaze selected for this series was: 
( 0.1 ALO; 
1 Na,O 0.85 6 SiO, 
| 1.5 B,O; 


1F. H. Riddle, ““A Few Facts Concerning the So-called Zinc Silicate Crystals,”’ 


Trans, Amer. Ceram. Soc., 8, 336 (1906). 


| 


| 
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2. In an effort to counteract the marked tendency of chromic oxide 
to increase the refractoriness and viscosity of the glaze, and consequent 
retarding the formation of aventurine crystals, it was decided to substitute 
lithium oxide for sodium oxide in the RO mem- Equwalent 
ber. Lithium is an active flux of very low mo- pce 
lecular weight. According to Stull' this should 
make lithium a good base for promoting crystal- 
lization. 

To further decrease the refractoriness of the 
glaze, its flint content was reduced to four equiva- 
lents, and the sum of the iron and chromic oxides 
was cut down to a constant of 0.75 equivalent, 
instead of 0.85, as in the previous series. The boric oxide was held at 1.5 
equivalents. 

The glaze as finally corrected had this composition: 

0.1 ALO; 
0-1 Na:O 0.0-0.75 4 SiO» 
0-1 | 1.5 

| 0.0-0.75 


Fic. 2. 


and the field studied is shown in Fig. 2. 

3. Maintaining a constant chromic oxide content of 0.1 equivalent, 
the effect was studied of varying the ferric oxide between 0.65 and 0.90 
equivalents, against boric oxide between 1.25 and 2.0 equivalents (Fig. 3). 


10 (0.1 


.85 1 Na,O 0.65-0.90 Fre;0 4 SiO, 
| 1.25-2.0 


4. Using the same base glaze, the chromic oxide was 
o* ly Tis Tig }20 reduced to a constant of 0.05 equivalent, and the ferric 
- 2 2 2% 2% oxide and boric oxide varied as before. 
"he accompanying rectangular field represents the 
hace rt variations in these constituents for both Series III and IV. 


Firing 

Mellor? has shown that there are certain zones of crystallization, during 
the cooling of a glaze, in which crystallization proceeds with the greatest 
ease. These vary so widely with different glaze compositions that ex- 
periment is necessary to determine the correct zone of crystallization for 
any particular glaze. Mellor has further shown that, by rapid cooling 
of the glaze, it is possible to pass through such a zone without the production 
of crystals. 
1R. T. Stull, “Notes on the Production of a Crystalline Glaze,’’ Trans. Amer. 


Ceram. Soc., 6, 186 (1904). 
2 J. W. Mellor, “Clay and Pottery Industry,” pp. 60-61. 
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Following out these observations, several different heat treatments 


were tried, to determine the firing temperature and the rate of cooling 
which promoted maximum 


/300 
firings were made. They were 
| | as follows: 
pe SSGa (1) At cone 6 (Fig. 5). 
| MPR Mia Held for two hours at 1100°C. 
rust tom | For this burn the gas-fired test 
(2) At 1200°C (Fig. 4) in 


WR 20 22 24 2 2 30 hours at 1000°C. 

naa (3) At 1250°C (Fig. 4) in 
the electric furnace. Held for 
2 hours at 1000°C. 

(4) At 1300°C (Fig. 4) in the electric furnace. Held for 2 hours at 
1000°C. 

(5) At cone | (Fig. 6) in Caulkins Revelation Kiln. Held for 2 hours 
at 900°C. 

(6) At cone 02 (Fig. 7) in Caulkins Revelation Kiln. Held for two 
hours at 1000°C. 

(7) At cone 02 (Fig. 8) in Caulkins Revelation Kiln. Allowed to cool, 
without any attempt to hold it at a particular temperature. 

Oxidizing conditions were 
maintained throughout each 
firing. Except in the electric 
furnace, cones were placed in 
various parts of the kiln to ~. 
indicate the heat treatment of 5, 
each glaze. Sane 

For Series II, one firing was 
made; 7. e., at cone in the BE 

For Series III, two firings were : 


Fic. 4.—Time-temperature curves for aventurine 
glazes burned in electric furnace. 


Timein 


Fic. 5.—Time-temperature curve for aventurine 
made: by: , 
. ; glazes burned at.cone 6 in gas test kiln. 
(1) At cone 02 (Fig. 9) in 
the Caulkins Revelation Kiln. Allowed to cool without holding at any 


particular temperature. 
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(2) At cone 02 (Fig. 7) in the Caulkins Revelation Kiln. Held for 
two hours at 1000°C. 

For Series IV, two firings were made: 

(1) At cone 02 (Fig. 8) in the Caulkins Revelation Kiln. Allowed to 
cool without regulation. 

(2) At cone 02 (Fig. 10) in the Caulkins Revelation Kiln. Held for 
3/, hour at 1050°, 1000°, 950°, 900°, 850°, 800°, 750° and 700°C. 


Discussion of Results 


Series I 


The glazes containing only iron showed a tendency, especially with 
high B,O; toward excessive crystallization; or, in fact, crystallization of 
the entire glaze mass, resulting in a rough matt effect not particularly 
pleasing nor desirable. 

With the substitution of .10 equivalent of chromic oxide for a like 
amount of ferric oxide, the crystal growth was discouraged to such an 
extent that some of the 
glazes (those lowest in 
boric oxide) were entirely 
clear, while those high in 
boric oxide contained a 
large amount of very 
minute crystals evenly dis- 
tributed, visible only on 
close examination. All of & 
the glazes showed a high * | +++ + + 

chromic oxide decreased 
the area of minute crystal- 
lization until, with more 
than .30 equivalent, only a clear brownish green or dark brown resulted. 

Up to and including .30 equivalent chromic oxide the gloss was not 
measurably affected. Above this, however, the gloss was decreased, first 
with the glazes of low boric oxide content and finally with all. A chromic 
oxide content of .60 equivalent or more produced only dull glazes. 

Above .40 equivalent chromic oxide crazing was prevalent, increasing 
with increasing boric oxide and chromic oxide. Crawling was noted in 
glazes high in chromic oxide. 

A peculiar and rather attractive mottled effect was obtained in the low 
boric and chromic oxide area. The glazes had all the appearance of hav- 
ing crazed or separated into small blocks and then completely rehealed, 
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Fic. 6.—Time-temperature curve for aventurine 
glazes burned at cone 1 in Caulkins gas kiln. 
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but not sufficiently to obliterate the location of the original lines of 
separation. 

Results obtained in different kilns and under different heat treatments 
varied but little. It was impossible to note any advantage gained by 
~~ holding at various temperatures in 
cooling, nor by firing to higher tempera- 
tures. In fact, the best burn in the 
series was that at cone 02, cooled with- 
out regulation. 

BER AREER Particularly in the glazes fired in the 
electric furnace, the higher tempera- 
ie Banas ture showed a marked tendency to pro- 
| mote the formation of metal-like 
- splotches or scum on the surface of the 
glaze, and for this reason proved to be 
fir aD a positive detriment. The trial pieces 

Fic. 7.—Time-temperature curve for fired in the electric furnace were stacked 
aventurine glazes burned at cone 02 in one above the other, and the bottoms 
Caulkins gas kiln. 


of the pieces were covered with a thin 
glaze resulting from volatilization of the boric oxide. 
Very attractive aventurines were obtained with: 
AbLOs 
Na,O 0.85 FesO; 6.0 SiO» 
0.75-1.5 BOs 
If applied on a flat piece, the glaze of low boric oxide content seems to be 
preferable, as there will otherwise be a tendency toward excessive crys- 
tallization and the consequent pro- __,,, 
duction of a matt. When applied he: aT N 
on an upright surface, better results 
will be had if 1.25 to 1.5 equivalents § 
of boric oxide are used. Onanup- 377) A 
right piece the crystals develop best 
when the glaze flows well. Too great 
fluidity gives a matt. The best 
results were obtained when the glaze 
was applied fairly thickly and evenly 
over the piece. 


Series II Fic. 8.—Time-temperature curve for 
aventurine glazes burned at cone 02 in 


The iron aventurine selected for *¥°""* 
Caulkins gas kiln. 


this series was a dark brown-black 
glaze of high gloss, containing small but readily visible crystals thickly 
and uniformly distributed in the glaze matrix. 
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The substitution of lithium oxide for sodium oxide reduced the gloss, 
gave the glaze somewhat of a grayish cast, and decreased the crystalliza- 
tion. Further substitution caused a greater tendency in this direction, 
and .75 and 1.0 equivalents of lithium oxide gave semi-matt and matt 
glazes respectively. 

With the substitution of .15 
equivalent of chromic oxide 
for the same amount of ferric 
oxide, the growth of crystals 
was prevented entirely, with 
the exception of the glaze con- 
taining only sodium oxide, and 
here they were visible only 
when placed in strong light. 

The best glazes were pro- 
duced within the rectangle 
bounded by .15 to .45 equiva- 
| lent chromic oxide and .5 to 
k .75 lithium oxide. These were excellent matts, with an appearance like 
leather, due to the apparent division of the glaze into small patches. How- 
ever, the glaze surface was intact and smooth. Glaze No. 13 (.45 CrO; 
and .50 LizO) was the best of the group. 

High chromic oxide caused crazing, as did lithium oxide. 

Glazes 1 to 15 fired at cone 6 were badly overfired, showing that lithium 
decreases the heat range very decidedly. 


in Degrees Centigrade 


Temperature 


Time in Hours 
Fic. 9.—Time-temperature curve for aventurine 
glazes burned at cone 02 in Caulkins gas kiln. 


WEIGHTS 


Series 1 Series 2 
Extremes 1 2 3 4 1 2 3 4 
| Borax 143.3 382.0 382.0 143.3 286.5 286.5 
Boric acid 31.0 31.0 186.0 186.0 
Soda ash 66.3 66.3 26.5 26.5 
Ferric oxide 136.0 136.0 8.0 8.0 —- oni 120.0 120.0 


25.8 
Flint 348.0 348.0 348.0 348.0 228.0 228.0 228.0 228.0 
719.4 922.8 916.4 713.0 680.8 627.8 633.8 686.8 


Series 3 Series 4 
: 2 


Extremes 1 2 3 4 1 4 

Borax 238.8 382.0 382.0 238.8 238.8 382.0 382.0 238.8 
Soda ash 39.8 Tr 39.8 39.8 39.8 
Ferric oxide 144.0 144.0 104.0 104.0 144.0 144.0 104.0 104.0 
Chromic oxide 15.2 15.2 15.2 15.2 7.6 7.6 7.6 7.6 
Flint 240.0 240.0 240.0 240.0 240.0 240.0 240.0 240.0 


677.8 781.2 741.2 637.7 670.2 773.6 733.6 630.2 
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Series III 


There were no pronounced variations in character of glaze. All glazes 
were dark brown in color, with uniformly distributed but very minute 
crystals, visible only on close examination. 

The low boric oxide and ferric oxide gave highest gloss, while higher 
amounts of these oxides caused a roughening or dulling of the glaze, giving 
an appearance of immaturity. No variation in degree of crystallization 
could be observed. There was no crazing or crawling. 

Two burns were made, one at cone 02, held at 1000° for two hours in 
cooling, a second at cone 02, cooled without regulation. Holding at 1000° 
was not conducive to better crystal development. On the other hand, it 
had a distinctly undesirable effect on the gloss. While the glazes, cooled 
directly, showed high gloss in the area lying between 1.25 to 1.5 equivalents 
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Fic. 10.—Time-temperature curve for aventurine glazes burned 
at cone 02 in Caulkins gas kiln. 
of boric oxide, .65 to .85 equivalent of ferric oxide, holding the temperature 
produced a like gloss only at 1.25 equivalents of boric oxide and .65 to .80 
equivalent of ferric oxide. 
Series IV 

There was so little variation throughout the series that differentiation 
between the glazes would be difficult. The matrix was a dark brown color, 
of high gloss, in which were innumerable fine crystals, visible in ordinary 
light, which glistened brilliantly in sunlight. The crystals were uniformly 
distributed throughout the glaze mass. 

The higher iron content produced a slightly darker brown color, and aided 
crystallization perceptibly. It was not possible to tell whether this was 
due to an increase in size of crystal, or only to the presence of a greater 
number of crystal faces. 

Excepting for the fact that the low boric oxide glazes showed a mottled 
effect which was quite pleasing, changing the boric oxide content produced 
no marked effect. 

A second burn was made at cone 02, in which the cooling was carefully 


mein Hours 
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regulated and the temperature held for */, hour at 1050°, 1000°, 950°, 
900°, 850°, 800°, 750° and 700°C successively. Draw trials were taken 
at the end of each */,-hour period, in order to determine the effect on the 
growth of crystals. The first crystallization showed up when the kiln 
had been allowed to cool to 950°C, and increased slowly with the decreasing 
temperature, but no trial piece drawn showed a greater degree of crystal 
growth than did the pieces of the first burn, cooled at the regular rate of 
the kiln (about 160° per hour for the first four hours). 

There was no crazing in this series. In fact, the trial pieces drawn at 
high temperatures and cooled immediately did not show any such tendency. 


Conclusions 


The substitution of chromic oxide for iron oxide in a glaze of the type 
studied, even in amounts as small as .10 equivalent, decreases the fluidity 
to such an extent that crystal development is prevented entirely with 
low boric oxide content. With an increase in boric oxide, the fluidity is in- 
creased and hence the growth of crystals. Even with high boric oxide, how- 
ever, the crystals are so minute as to be visible only on close examination. 

Replacing the alumina by .10 equivalent chromic oxide likewise dis- 
courages the growth of crystals of such a size as to be readily visible. 

Replacing the alumina by .05 equivalent of chromic oxide changes a 
high iron aventurine from an excessively crystallized rough matt to a 
glaze of high gloss with attractive and easily visible crystals. Although 
the addition of as low as .01-.02 equivalent of chromic oxide was not 
tried, the results would indicate that such an addition to a high iron aven- 
turine would produce an excellent glaze. 

The substitution of lithium oxide for sodium oxide does not promote 
an aventurine formation, but on the contrary is positively detrimental 
to its development. It does produce a micro-crystalline structure, and, 
in combination with chromic oxide, excellent matts. 

High chromic oxide content results in crazing. High boric oxide and 
lithium oxide further encourage it. 

Within the range of maturity of the glaze, no advantage is gained by burn- 
ing to a higher temperature. A rapid oxidizing fire is desirable. Slow 
firing should be avoided, in order to prevent volatilization of boric oxide. 

The best results were obtained in every case by allowing the kiln to 
cool without attempting to regulate it. It was impossible to observe any 
increase in crystal development from holding the temperature for two hours 
at 900°, 1000° or 1100°, nor could any change be noted when the tempera- 
ture was held for */, hour at 1050°, 1000°, 950°, 900°, 850°, 800°, 750° 
and 700°C successively. 


The writer wishes to express his appreciation for the interest and assistance of 
C. W. Parmelee, Director of Ceramic Engineering at the University of Illinois, at whose 
suggestion and under whose direction this work was done. 


TERRA COTTA BODY INVESTIGATION! 
By RADCLIFFE 

Five clays were used in this investigation, namely: Indiana, Colchester, 
Lower Kittanning, Ohio, Kentucky and Goose Lake, Illinois. Our regular 
grog, and grogs made by calcining the above clays at cones 2-3 were 
mixed with the clays in order to produce practical terra cotta bodies. 

Chemical analyses of four of the clays gave: 


Indiana Ohio Colchester , Goose Lake 

clay clay clay clay 
Moisture 2.20 3.56 1.97 1.62 
Ign. loss 7.05 6.45 6.74 7.61 
SiO, 60.87 58.63 60.38 57.82 
Al,Os 23 . 67 25.09 25.33 27.42 
Fe,O; 2.50 1.92 2.08 2.85 
CaO .70 .12 .19 Trace 
MgO .97 Trace .67 .69 
SO; .16 .30 1.06 
KNaSO, 3.80 3.69 3.15 3.36 


The grog and calcined clays were ground and sized and screen analyses 


made. 
SCREEN ANALYSIS 
Mesh 
10 20 35 65 100 150 200 Fines 
Regular grog 18.. 4.6 3.0 6.5 
8-40 8.2 64.6 25.6 1.6 fe 
8-80 7.0 51.0 27.0 12.0 3.0 
40-fines 8.0 ‘ 8.0 29.7 20.7 9.5 17.4 14.7 
Indiana clay 
Grog 2.5 20.3 2.0, 14.4 5.5 3.6 8.8 
8-40 2.5 64.0 33.5 
8-80 25 4.0 22.5 ‘HS 4.5 
40-fines 10.0 24.5 15.0 17.0 16.0 17.5 
Colchester 
Grog 5.0 41.0 24.0 12.0 4.0 3.0 11.0 
8-40 7.0 63.0 30 
i 53.0 26.5 10.0 3.5 
40-fines is 10 20 20.0 16.5 13.0 20.5 
Lower Kittanning 
Grog 2.5 52.5 28.0 16.5 5.5 4.0 10.5 
8-40 4.0 53.0 43.0 
8-80 4.0 36.5 34.5 20.0 5.0 
40-fines can aa 9.0 29.5 15.0 14.0 15.5 17.0 
Kentucky 
Grog 5.0 36.0 25.0 15.0 5.0 4.0 wa 10.0 
8-40 6.0 63.0 31.0 
8-80 6.0 44.5 28.5 17.0 4.0 


1Presented at the Atlantic City Meeting, Feb., 1924 (Terra Cotta Division). 
Recd. Sept. 5, 1924. 
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Goose Lake Mesh 
10 20 35 65 100 150 200 Fines 
Grog 6.0 43.0 25.5 12.0 4.0 - 3.0 6.5 
7.0 61.0 33.0 
8-80 7.0 46.0 28.5 15.0 3.5 


Eight bodies were made of each of the five clays, each body consisting 
of 60% clay and 40% grog. ‘The first four of the series were made with the 
regular grog, and the second four with grog of a calcine of the clay in ques- 
tion. The grog sizes were in all cases, as ground: 8-80; 8-40; and 40-— 
fines. 

The body numbers were 361-368 inclusive for Indiana clay; 369-376 
for Colchester; 377-384, Ohio; 385-392, Kentucky; 393-400, Illinois. 

Five additional bodies were made with 100% of clay number respectively, 
401-405 inclusive. 

The bodies, using 40 Ibs. of dry materials, were weighed out, mixed 
with the proper amount of water, tempered by running them through a 
small Mueller brick machine several times, and aged for about a week. 

The Test Pieces.—The test pieces consisting of: ten 1” x 1” x 8” bars 
for shrinkage, absorption and modulus of rupture tests: five 3” x 3” x 3” 
cubes for cool-cracking tests; five 2'/2”D x 5” long cylinders with one 
rounded end for spalling tests were pressed from each body. 

The test pieces were dried and burned, the drying shrinkage, burning 
shrinkage and total shrinkage data tabulated, modulus of rupture tests 
made and calculated, and quenching tests made. The quenching tests 
were made by heating sets of one piece from each body to a temperature 
of 400°C in five hours, holding them at this temperature for one hour 
and then dropping the pieces in ice water. Three sets were so tested 
and the tests repeated until practically all of the pieces cracked. A few 
bodies were not cracked after three quenchings and are tabulated as not 


cracked. 
DaTA ON Firep Test PIECES 
Per cent Per cent 


Per cent burned total Modulus of Number of 

BD dry shrink. shrink. shrink. Absorption rupture quenchings 
361 4% 2 6% 10.4 2250 1 
2 4 234 7 10.6 2187 l 
3 4 2% 6% 11.0 1980 1 
4 5 2% 7% 9.3 3060 1 
5 4% 2 6% 9.4 2889 1 
6 4% 2 6% 9.3 2745 1 
7 4% 2 6% 9.4 2295 1 
8 4 2 6 9.5 3060 l 
9 6 24 84 11.8 1809 3 
370 5% 2 7% 11.2 1800 3 
1 5 2 7 12.0 1719 3 
2 5 2% 7% 10.0 2700 1 
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DATA ON FirEp Test (Continued) - 
Per cent Per cent 
Per cent burned total Modulus of Number of 
BD dry shrink. shrink. shrink. Absorption rupture quenchings 
3 5% 214 7% 10.0 2007 l 
4 5 2% 7% 11.0 1953 l 
5 514 2% 8 10.5 1638 not cracked 
6 5 2% 7% 11.2 2520 l 
7 44 2% 7 11.4 1656 3 
8 $14 2% 7 11.6 1773 not cracked 
9 5 2 7 11.7 1598 3 
380 54 2% 8 10.7 2466 l 
l 5 2 7 10.7 2268 1 
2 4 2% 6% 10.4 2070 l 
3 4l4 2% 634 10.6 1863 3 
4 + 21% 614 10.0 2673 1 
5 4 2 6 10.7 1629 3 
6 4 214 614 10.0 1845 ] 
7 4 2% 6% 11.0 1890 l 
8 4 234 634 10.4 2340 l 
9 4 234 634 9.5 2295 l 
390 4 21% 61% 9.0 2313 I 
l tl, 2 6% 10.0 1917 3 
2 + 2% 6% 10.0 2340 ] 
3 5 2 7 11.3 1530 not cracked 
4 5 2 7 10.5 1890 3 
5 5 244 7% 10.5 1620 not cracked 
6 5 3 8 9.0 2295 1 
"| § 2% 734 9.7 2196 3 
8 5 2% 7% 9.0 1953 3 
9 5 2% 7% 9.7 1665 not cracked 
400 5 234 73% 9.0 2619 1 
4 9% 7.4 3060 l 
2 7 5 12 8.4 3510 l 
3 8 4 2 8.6 2925 1 
5 61% 5% 12 3060 l 


Analysis of Data 


1. Goose Lake clay is best in regard to cool-cracking. Ohio and Col- 
chester clays are about equal in regard to cool-cracking and are second to 
Goose Lake. Kentucky clay is fourth. Indiana clay is the poorest of all. 

2. No individual kind of grog appeared to deserve much preference. 
S-40 mesh sized grog produces the best bodies in regard to cool-cracking. 
There is no choice between 8-80 and 8 to fines grog. 40 to fines produced 
the poorest bodies. 

3. There is a rather clearly defined line between good and bad bodies 


in regard to cool-cracking in the modulus of rupture tests. Bodies with a 


modulus of rupture over 1800 do not withstand a good cool-cracking test. 
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Those with a modulus of rupture of 1800 or less do withstand a good cool- 
cracking test. 
. 4. The chemical analyses indicate that the AlO; and SiO, content 
of a clay is quite important. The Goose Lake clay with 27.42 AlO; and 
57.82 SiOz is much superior to any of the other clays and greatly superior 
to the Indiana clay with 23.67 AlyO3; and 60.87 SiOz. 
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Discussion 


SECRETARY CLARE: Mr. Radcliffe, to what do you attribute the fact 
that the Goose Lake clay withstood the cool-cracking tests best? 

Mr. RADCLIFFE: We do not have a large amount of data on which to 
base an explanation but it seems that the alumina-silica ratio has quite 
an important bearing. With the higher alumina and lower silica we get 
away from that type of body and we know that the free silica changes from 
one type of quartz to the other at about 500—600°C. 

SECRETARY CLARE: You said that those bodies having the highest 
modulus of rupture showed the greatest tendency to cool crack. Is that 
general ? 

Mr. RADCLIFFE: Quite general. 

SECRETARY CLARE: Has that any correlation with the absorption at all? 

Mr. RapciiFFE: There was very little correlation. Those with the 
Goose Lake clay as grog had a lower absorption than those with the regular 
grog we used in the plant. The cool-cracking tests of all six of the bodies 
using Goose Lake clay were practically equal. However, the ones with the 
fine grog were poor in both cases, those with the regular grog or with 
calcined Goose Lake clay as grog stood practically the same test. Those 
with the Goose Lake grog had a lower absorption. However, I cannot 
correlate much between absorption and cool-cracking tests. 

SECRETARY CLARE: You say the bodies of highest modulus of rupture 
cool-cracked the most. Would that lead you to believe they were harder 


bodies? 
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Mr. RADCLIFFE: You would naturally conclude that, but this Goose 
Lake clay was the densest body. 

SECRETARY CLARE: Does that Goose Lake clay have any particular 
properties? Why did you pick that clay? 

Mr. RADCLIFFE: We simply had that as a possible source of supply for 
our factory. 

SECRETARY CLARE: I would like to hear some discussion on the point 
that the elimination of all the fines makes a better body, for I would ques- 
tion that. There was some work done for glass pots where all the fines 
were eliminated making good glass pots. They had to have a portion 
of the fines just as a concrete mixture has to have a proportion of fine aggre- 
gate. 

Mr. RADCLIFFE: My statement was that we could not discriminate 
between the 8-40 mesh grog and the 8-fine mesh grog, in regard to a body 
for cool-cracking. One stood as good as the other. 

I would not recommend that kind of a body exactly for terra cotta 
because where you have this coarse grog it tends to give you a rough 
surface after the piece is dried. I simply gave the results as they came. 
The 8-40 and S8-fines were seemingly equally good as far as cool-cracking 
was concerned. 

Mr. MINTON: Why did you use an 8-mesh grog at all? It is customary 
to use a 16-mesh as coarsest in terra cotta. 

CHAIRMAN HOTTINGER: That is our general practice. 

Mr. Rapc.iFFE: This is the size that we are using at the present time. 

SECRETARY CLARE: Eight-mesh? 

Mr. RADCLIFFE: It all goes through an 8-mesh and there is some that 
just barely goes through. 

CHAIRMAN HOTTINGER: I imagine there is a difference in the quality 
of the grog. All our grog is ground in a dry pan. If it goes through an 
8-mesh, only a small portion of 8-mesh grog would be in there, the larger 
proportion would be very much finer than 8-mesh. Adding coarse grog 
to our body is a recent change to eliminate cool-cracking. 

Mr. RADCLIFFE: We had some trouble with cool-cracking with between 
20 and 25% of material that passed an 8-mesh screen. In order to get 
away from so much fines in our grog, we put in coarser screens. We have 
rotary screens. Three of them formerly screened to about 16-mesh and 
2 screens gave coarser material. We took out the three that gave the fine 
and put in all coarse and that brought down our percentage of fine from 
between 20 and 25 to about 10 and 12. That unquestionably improved the 
resistance to cool-cracking. 

E. C. Hii: In regard to Mr. Clare’s question as to the relation between 
the transverse strength or absorption and the tendency to cool-crack, I 
might say that I have tested most of the terra cotta clays used in the east 


TERRA COTTA BODY INVESTIGATION 839 


for cool-cracking, and have not found any relation between cool-cracking 
and absorption or transverse strength. Using the same grog, the tendency 
to cool-crack depends largely on the character of the clay used. A body 
made from Campbell’s red clay and vitrified porcelain grog withstood the 
cool-cracking test better than our regular terra cotta body. The absorption 
of the red body was 5% and the terra cotta body 15%. I have found that 
some refractory sandy fire clays have a decided tendency to cool-crack. 

In regard to the size of grog, I made some experiments a few years ago 
on cool-cracking which were reported in the Journal.' ‘The results of these 
tests were similar to Mr. Radcliffe’s in that fine grog (40-100 mesh) had 
a decided tendency to cool-crack, but with grog 16-40 mesh and 16-100 
mesh there was not a great difference between them. 

Dr. LANGENBECK: It is always desirable, it seems to me, in taking tests 
of this kind to try to get something “own to positive figures. The mea- 
surement of grog by the extremes of screens is not so accurate as it might be, 
because there are variations in the speed of machines, the pressure through 
bumping, etc., so it seems to me they will cause wide variations in the char- 
acter of the grog apparently intended to be the same. 7 

Suppose you have a certain kind of concrete work and you use pebbles 
and then different grades of sand? The purpose of the concrete maker, 
is to have a grade, a set of finer materials that will fill in the interstices 
between the pebbles and make possible a solid aggregate, so that each 
pebble or particle, down to the finest sand used, will be covered by a sur- 
face coating of cement which in setting binds the concrete together. 

If you visualize for the moment in the concrete body that essentially 
(though with a larger layer of clay) the clay takes the effect of the water 
and the cement coating in the concrete aggregate. It seems to me that 
in making tests of this kind you should try to find the amount of inter- 
stitial space between the particles. The different grogs could be saturated 
with water; then put in a cylindrical graduate and the graduate filled with 
water to a definite volume. The volume of water added will give the 
actual interstitial space to be filled by the clay. 

Mr. RapcLiFFE: I did not try to grade the fines and the coarse to pro- 
duce the densest grade or mixture of grogs as you suggested. I simply 
took the grogs and crushed them and got the various screen sizes that re- 
sulted from crushing. 

Mr. Minton: I think Earl Montgomery made an exhaustive series 
of experiments about ten years ago on that line. He has formulas which 
determine the exact quantity of the various sized grogs required to make 
a solid mass, exactly as Mr. Langenbeck has suggested. If you have 


1“Texperiments on Fire Cracking in Terra Cotta,’’ Bull. Amer. Ceram. Soc., 1 [10] 


224; 226-29 (1922). 
2 Trans. Amer. Ceram. Soc., 17, 410 (1915). 
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a maximum sized grog to start with, this formula would give the sizes, 
roughly, within three or four different sizes that are required to fill up the 
voids between those. 

CHAIRMAN HOTTINGER: Mr. Minton, did you ever use Montgomery's 
formula? 

Mr. MINTON: I was interested in dunting of sanitary ware. I found 
that the sizes of grog had something to do with dunting; that if we had a 
larger percentage of fine grog there was more of a tendency to dunt than 
there was when we kept out that large percentage. 

In factory practice, unfortunately it is rather difficult to judge from 
day to day the various sizes of grog without actually screening them out. 
One day the grog is dry, the next day it is wet and it makes a tremendous 
difference in the various sized grains that you get when it goes through a 
crushing machine or dry pan or set of rolls. But as far as dunting is con- 
cerned, the question of free silica is far more important, perhaps, than the 
question of fineness of the grog. 

Mr. Radcliffe referred to the proportion of alumina in silica. It seems 
to me his free and combined silica would have been even more indicative 
of that than the proportion of the total alumina to the total silica. 

Mr. RADCLIFFE: The alumina is practically all combined with silica 
so that the amount of free silica in one case or the other would depend 
upon the per cent of each present in a clay. 

Mr. Minton: I would not think so. Did you figure it out from your 
calculations—the amount of silica that is combined with the alumina? 

Mr. RADCLIFFE: What I meant was if you have high alumina and low 
silica you have less free silica than if you have a low alumina and high 
silica. It does not give you the percentage but as far as this work was con- 
cerned, I believe the amount of free silica—just simply the chemical analy- 
sis would in this case be indicative of free or uncombined silica. 

Mr. Minton: You are not dealing with clays that have a very high 
silica content. I used a clay silica content of 749%; there was quite a bit 
of free silica there and there would not be so much here, of course. 

Mr. RapcLiFFE: There is considerable in this. 

CHAIRMAN HOTTINGER: You do find a difference in the behaviors of 
clays as brought out by Mr. Radcliffe. With lower or higher silica we 
have extreme difficulties in dunting or fire cracking. When we strike 
a higher proportion of free silica we know that is detrimental to the ware. 

As far as the action of the fine grog is concerned, we have nothing to 
base our facts on; no work has ever been done which will give anything 
accurate in the matter of what the action of fine grog will be. In years 
gone by I have made bodies with all fine grog and had no difficulty with 
them, but I do know from the analysis of the clays I used at that time that 
they were not very siliceous and consequently worked out very well. 
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Mr. MINTON: Perhaps I should not make this statement, but I have 
found that terra cotta is very much easier to make than sanitary body 
when it comes to dunting. 

CHAIRMAN HOTTINGER: Very much is dependent upon the kind of ware 
you are making and the total weight of the clay in the piece. The matter 
of shape also has something to do with it, and also certain stresses and 
strains where you have thin sections and thick sections. That would 
have to be taken into consideration. 

E. C. Hiwu:' Mr. Radcliffe tested the various bodies in his investigation 
by heating test pieces in the form of cubes and quenching them in water. 

I think a more positive method would be to prepare pieces of consider- 
able size similar to pieces generally manufactured, fire them in a test kiln 
and cool the kiln more rapidly than is done commercially. In making the 
tests in this manner, I have found some individual pieces that gave in- 
consistent results, so that it seems necessary to have several test pieces of 
the same body in order to arrive at definite conclusions. I should think 
that testing for cool-cracking by quenching would not give as consistent 
results as the method just mentioned. 


1 Discussion submitted June, 1924. 


ARTIFICIAL SILLIMANITE AS A REFRACTORY! 
By Hewitt WiLson,? CLARENCE E. Sims,3 AnD FrEDERIC W. SCHROEDER‘ 
ABSTRACT 

Alumina-silica mixtures were prepared by fusing quartz, china clay, fire clay, 
and alumina in the electric furnace. When alumina is less than 68%, crystalline 
sillimanite (3A1,0;-2SiO.2) with glass is produced. This material is not very resistant 
to loads at high temperatures because of the early fusion and internal lubricating ac- 
tion of the glass surrounding the crystals. Above 68° alumina, crystalline corundum 
appears and the glass is practically absent. This latter composition is very resistant 
to high-temperature loads when an interlocking, recrystallized bond is developed. 
This material is not affected materially by acid slags, but it cannot resist basic slags. 
However, the dense structure of a brick of material above 68% Al.O; causes less slagging 
in a laboratory bath test than silica brick. The laboratory made sillimanite-corundum 
brick withstood higher temperatures than the best silica, magnesia, chrome, fire clay, 
or zirconia brick even though the cone of fusion of the former is less than that of MgO, 
Cr.O; or ZrO. More and better service tests with a large number of brick fired in large 
kilns is needed to follow up this laboratory work. 


Introduction 

The possible use of sillimanite as a refractory material is of interest 
because of the limitations of the usual refractories, fire clay, silica and mag- 
nesia brick in the modern metallurgical processes. The more universal 
use of the electric furnace with its higher temperatures and rapid thermal 
changes has increased this interest. The inadequacy of the present re- 
fractory linings, resulting in a retarding in development of the open- 
hearth steel furnace, has caused a searching for a better refractory. Steel 
could be melted and purified faster if the furnace walls and roof would 
withstand high temperatures. Insulation cannot be used at the present 
temperatures on silica brick roofs. The capacity of open-hearth furnaces 
could probably be increased 35 to 40% and their thermal efficiency could 
probably be doubled if adequate refractories could be produced.° 

Interest has been shown in sillimanite because of its high melting point, 
its definite chemical composition and crystalline structure which develops 
within reach of commercial temperatures. Crystalline materials have the 
ability to resist deformation to temperatures very close to their melting 
points. An unwarranted assumption that sillimanite should be chemically 
neutral at high temperatures has been made; but actual tests show that 
silica and alumina separated or combined in a definite chemical compound 


1 Published by permission of the Director, U. S. Bureau of Mines. 

2,34 Consulting Ceramist, U. S. Bureau of Mines, and Professor of Ceramics, 
University of Washington; Electrometallurgist, and Junior Chemist, respectively, 
Northwest Experiment Station, U. S. Bureau of Mines, at Seattle, Washington, in co- 
operation with College of Mines, University of Washington. 

5 Editorial on the limitation of open-hearth furnaces, Fuels and Furnaces, 1 [2], 
63 (1923). C. E. Williams, “Requirements of Refractories for Electric Furnaces,” 
Jour. Amer. Ceram. Soc., 6, 753 (1923). 
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cannot resist the fluxing powers of lime, iron and other strong bases. 
Because of the use of natural forms of sillimanite in spark-plug porcelains, 
it is assumed that sillimanite refractories should be more resistant to 
thermal shock or spalling. 


Mineralogical and Chemical Properties 


Natural Sillimanite.—Mineralogically, sillimanite is one of the an- 
dalusite group of minerals. The three members of this group are anda- 
lusite, sillimanite, and cyanite.! 


PROPERTIES OF THE ANDALUSITE Group (Al,O;-SiO2) 


Andalusite Sillimanite Cyanite 
Crystalline system Orthorhombic Orthorhombic Triclinic 
Specific gravity 3 .16-3 .20 3 .23-3 .24 3 .56-3 .67 
Hardness 7.5 6 to 7 7 


Color. Variable for all: White to green, with gray, gray browns, and olive greens 
predominating. 


Occurrence.—The three minerals are found in crystalline metamorphic 
rocks, such as feldspathic and cordierite gneiss, mica and paragonite 
schist, and are usually the result of contact metamorphism at low tem- 
peratures. 

The three mfnerals consist of 62.9% by weight of alumina and 37.1% 
silica. They are unaffected by the common acids and bases and great 
difficulty has been found in dissolving them for chemical analysis by the 
ordinary alkali-fusion methods. 

The 3:2 sillimanite (3Al,0;-2Si0.)—N. L. Bowen’ and J. W. Greig*® 
have discovered that the crystalline sillimanite formed in magmas, both 
natural and artificial, is not the monosilicate but a compound composed 
of three molecules of alumina and two of silica. The three minerals, anda- 
lusite, sillimanite, and cyanite, when heated to 1545°C will likewise change 
to the 3:2 ratio, and adopt a new crystalline form. Bowen and Greig 
have made the following changes in the binary system developed by Rankin 
and Wright :* 

1 F. W. Clarke, “Data on Geo-Chemistry,’’ U. S. Geol. Survey, Bull. 616, 409 (1916). 

2 This work was completed before Bowen and Greig’s discovery of 3AlOys2SiO, 
was known. Their discovery explained some of the phenomena encountered in this 
study and which were not explained by the alumina-silica diagram of Rankin and Wright. 

3Al,03-2Si0O2 has been named mullite by Bowen. In this report it is called 
"3:2 sillimanite’’ to distinguish it from the natural low-temperature form, ‘1 Al,Os;-- 

3N. L. Bowen and J. W. Greig, ““The System Al,O;-SiO,,’’ Jour. Amer. Ceram. 
Soc., 7 [4], 238 (1924). 

4G. A. Rankin and F. E. Wright, ‘“The Ternary System CaOQ—Al,O;-SiOs,”’ Amer. 
Jour. Sci., 39, 9 (1915). 
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The eutectic has been changed from 13% alumina to 5.5% and its melt- 
ing temperature from 1610°C to 1545°C. 3Al,O3:2SiO2 (alumina, 71.8%, 
and silica, 28.2%, by weight) replaces the monosilicate at the high tem- 
peratures, but melts incongruently at 1810°C, the former eutectic tempera- 
ture between the monosilicate and corundum. ‘That is, corundum and 
liquid replaces 3A1,03-2SiO2 at 1810°C and the final traces of corundum dis- 
appear at 1930°C. As the incongruent melting temperature of 3A1,O3;-- 
2SiO:2 is practically the same as the melting temperature formerly given for 
the monosilicate (1816°C), no difference has been noted in the softening 
of sillimanite refractories from that expected, although, as will be shown 


later, it is necessary to increase the alumina content to near 70% before the 
silica glass can be eliminated. 


Past Investigations of Silfimanite 


Artificial crystalline sillimanite is a very common although a minor 
constituent of such ceramic bodies as porcelain, paving brick, pyrometric 
cones, glazes, glass pots, and many other aluminum silicates fired at high 
temperatures. It may be formed by heating amorphous materials in 
the sillimanite ratio to complete fusion; it appears in vitrified or partially 
fused clay bodies at intermediate temperatures and has been found in 
aluminous low temperature glazes and bodies which develop sufficient 
molten fluid for the formation of the crystals. 

The growth of the sillimanite crystals has been given as the reason for a 
decrease in strength of certain refractory bodies on heating.' One of the 
causes of mattness of glazes is undoubtedly the crystalline development of 
sillimanite in the liquid magma on cooling,’ for matt surfaces can be de- 
veloped by mixtures of alumina and silica alone at high temperatures or 
at low temperatures if some molten liquid, such as lead oxide, is provided. 
Likewise, in glass tanks and pots, sillimanite will develop from the alumi- 
nous refractories in contact with the fluid glass.* 

The first sillimanite brick were mixtures of bauxite or diaspore with im- 


1 J. W. Mellor, Pottery Gazette, 367 (1907); Clay and Pottery Ind., 315; A. S. Watts, 
“‘A Possible Explanation of Failure under Load at High Temperatures as Displayed by 
Fire-Clay Refractories,’’ Jour. Amer. Ceram. Soc., 3, 448 (1920); H. G. Schurecht, 
“Notes on the Effect of Firing Temperatures on the Strength of Fire-Clay and Stone- 
ware Bodies,” Ibid., 4, 366 (1921). 

2A. S. Watts, “Crystalline Structure in Porcelains,’’ Trans. Amer. Ceram. Soc., 
11, 185 (1909). R.C. Purdy, ‘‘A Study of Glaze Composition on the Basis of Norms,”’ 
Ibid., 14, 106 (1912); H. F. Staley, “‘Cost of Raw Lead Glazes,”’ Ibid., 19, 669 (1917). 

3N. L. Bowen, ‘“‘The Identification of Stones in Glass,’’ Jour. Amer. Ceram. Soc., 
1, 596 (1918); G. V. Wilson and S. N. Jenkinson, Jour. Soc. Glass Tech., 2 [5], 14 (1918); 
A. F. Gorton, ‘‘Observations of the Apparent Failure of Lead-Glass Pots,’’ Jour. Amer. 
Ceram. Soc., 1, 655 (1918); S. English, ‘Natural Sillimanite as a Glass Refractory,”’ 


Jour. Soc. Glass Tech., 7, 248, 258 (1923). 
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pure fire clays approximating the monosilicate ratio. Such brick when 
hard fired have excelled the best of the fire-clay brick, but, nevertheless 
should not be called sillimanite brick, because they contain little of the 
crystallized compound. Grinding fire clay and diaspore in a dry pan does 
not bring the grains into a fine enough state of subdivision and intimate 
enough mixture and the usual fire-brick kiln heat develops but a small 
amount of crystalline sillimanite.' 

Noel Lecesne and A. Malinovszky have used an air-blast, coke-fired 
furnace to produce fusion of bauxites and fire clays, and while the fused 
products obtained show well developed sillimanite crystals, they are em- 
bedded in a ground mass of glass and consequently will not show rigidity 
under load at high temperatures.’ 


Present Investigation of Alumina-Silica Mixtures 


The present investigation is a study of the refractory properties of 
electrically fused silica and alumina mixtures and includes fused quartz, 
fused fire clay, English china clay and mixtures of china clay and 
alumina. 

The high temperature silica minerals (cristobalite and _ tridymite) 
crystallize very slowly from fusions of compositions between 100% silica 
and 3A1,03-2SiO2, hence these mixtures will contain silica glass. As the 
3:2 sillimanite crystallizes very rapidly, crystalline 3Al,O3-2SiO: will be 
found in greater amounts as the alumina content is raised. From Bowen's 
diagram, mixtures containing more than about 55% alumina, if chilled 
suddenly from above 1810°C, will contain corundum and glass, but if 
cooled slowly through the fluid zone they will contain 3:2 sillimanite and 
silica glass when the alumina content is from 55 to 71.7%; and 3:2 silli- 
manite and corundum when the alumina is more than 71.7%. But very 
little glass will be present in the latter case (except as impurity) for corun- 
dum likewise crystallizes very rapidly. 

Many different compositions will separate out in a large batch of silicate 
mixture melted in an electric furnace because of the lack of uniformity of 
the mix and the different rates of cooling in different parts of the mass. 
In this study, no batch was found which contained corundum and glass 
alone without some 3: 2 sillimanite. 


1A. V. Bleininger, ‘‘Note on Load Behavior of Aluminous Refractories,’ Jour. 
Amer. Ceram. Soc., 3, 155 (1920). 

2 Noel Lecesne, “Manufacturing Refractory Materials with Fused Bauxite,” 
Trans. Ceram. Soc. (Eng.), 17, 192, and with A. Bigot, ‘““The New Refractory and 
Abrasive Matter Called Corindite,’’ [bid., 17, 267 (1917-18); French Patent, 471,513, 
July 11, 1914, and English Patent, 17,289, 1916; A. Malinovszky, ‘“‘The Malinite Proc- 
ess for the Production of Sillimanite Refractories,’’ Jour. Amer. Ceram. Soc., 3, 40 


(1920). 
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Preparation of the electrically fused materials.’ 

The electric furnace used for melting is shown in Fig. 1. 

The fusion of these materials is difficult because its low electrical con- 
ductivity requires that the mass be heated almost to its fusion point 
before it becomes appreciably conductive. 

Fine materials were agglomerated by 
mixing with water in a wet pan and 
forming into rough blocks. These blocks 
were dried and sometimes calcined. Cal- 
cining is preferable but not necessary. 
The blocks were broken to less than two 
inches and mixed with 5 to 10% sawdust. 

The sawdust is used to facilitate the 
escape of evolved gases which otherwise 
would form miniature volcanoes and 
spatter fused and unfused material out 
of the furnace. 

A layer of material from four to six 
inches deep was first placed in the 
bottom of the furnace. The electrodes 
were lowered until they rested upon 
this layer. A crushed carbon train was 
built between the electrodes and held in 
place by means of heavy paper wrapped 
around the electrodes. The shell was 
then filled. 

A current giving a power input of from 
40 to 60 kw.-hr. was maintained through- 
out the melt. At the start, due to the 
conductivity of the carbon, this power 
Fic. 1.—Furnace used in making silli- Input was maintained with a potential 

manite fusions. between 30 and 50 volts. When the 

carbon had burned out making it neces- 

sary to arc through the partially fused charge, the potential had to be 

raised to over 100 volts. The electrical conductivity of the charge in- 

creased, however, with the temperature and the amount of liquid, hence 

the potential can gradually be lowered until at the end of the run it is 
approximately 60 to 70 volts. 

The electrodes were withdrawn when the current was cut off. 


1 The electric furnace procedure is covered in greater detail by a companion 
article, entitled ‘‘Preparation of Sillimanite for Refractory Uses,’’ by C. E. Sims, H. 
Wilson, and H. C. Fisher, presented before the fall meeting of the American Electro- 
chemical Society, 1924. 
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When cooled sufficiently to be solidified the shell was lifted from the 
fused block and the unfused material trimmed away. 

A chart of a typical melt is given in Fig. 2. 

Sillimanite can be made by reducing the silica 
in clay. This is done by adding carbon to the 
charge. The silica removed is partially reduced to 
SiO. SiO is volatile at the temperature of reduc- 
tion and escapes as a gas, burning at the surface 
of the charge to SiO, and forming dense white fumes. The remainder 
of the silica is reduced to silicon most of which, with iron, forms metallic 
globules of ferrosilicon containing a little aluminum. Because of this 
two-step reduction it is 


Production of 
Sillimanite from 
Clay by Reduction 
of Silica Content 


| 
difficult to calculate the joo} of 
amount of carbon neces- ; 
sary for any required =o 
duction, but the amount is a | 
: 50 4 
readily determined with >| ee 
a few tests. The carbon > 


starting train and elec- | 
even if no other carbon is 
present. The curve in Fy. 2—Curve showing the variation in voltage 
Fig. 3 shows the decrease necessary to maintain a constant power input. This 
in silica content in aq illustrates the variation in the resistance of the melt 
throughout the run. 

Considerable trouble was experienced at first 
in the manufacture of brick from the electric- 
furnace fusions because of the presence of ferro- 
silicon, which oxidizes during the firing of the brick 
and ruptures the brick structure by its expansion. (See Fig. 4.) 

This fetrosilicon is formed by the 
reducing action of the carbon added 
and of graphite electrodes. When 
high in content of silicon and low 
in iron the ferrosilicon does not 
settle out of the fusion because its 
specific gravity is so near that of 
the molten sillimanite. Also, its 
) | shrinkage is very similar to that of 
# 6 the artificial sillimanite and the 

age se ferrosilicon globules closely adhere 


Fic. 3.—Curve showing the decrease in 
silica content of the fused portion of acharge t© the cooled melt. When the 


during the melting and reduction of clay. ‘‘pig’’ is broken, the ferrosilicon will 


typical reducing fusion. 


Elimination of 
Ferrosilicon and 
Aluminum Carbide 


60 


Percent Composition 


| 
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fracture through the globule instead of away from the silicate. Being low 
in iron hence non-magnetic and insoluble in acids, its removal is very diffi- 
cult. Ferrosilicon can be oxidized by roasting at low temperatures before 
the sillimanite is molded into brick but such treatment is expensive. 

The only satisfactory means found 
for making possible the eliminating 
of ferrosilicon from the cooled melt is 
to add iron turnings to the charge, thus 
increasing Fe content of the ferro- 
silicon.' This will increase the specific 
gravity of the ferrosilicon (FeSi + Fe) 
and causes the globules to settle to the 
bottom of the molten bath. This also 
will increase its shrinkage thus forming 
loose pellets. If enough iron is added 
it becomes magnetic and then can be 


Fic. 4.—Right. Disintegration of 
sillimanite brick during firing by oxi- 
dation and expansion of ferrosilicon. 


easily separated.’ 
Left. Calcined English china clay , 
brick after two load tests to cones 23 Methods of Testing 


and 26. The control tests were chemical and 
petrographic analyses, cone fusion, and 
high-temperature load tests. The cone-fusion tests were made in a5 by 5 
by 5-inch oxygen-acetylene furnace* having an alundum or chromite lining. 
Cone 42 is easily reached. The high-temperature load test consisted of 
heating a standard-size brick, standing on end and subjected to a load of 
twenty-five pounds per square inch, to an increasing temperature until a 10% 
contraction, a failure by shearing, or the limit of the furnace was reached.‘ 
The fused material, after the removal of the 
ferrosilicon and unmelted portions from the sides, 
was crushed to pass a 2-mesh sieve and that 
portion passing a 4-mesh"was further reduced to pass 20-mesh. All mag- 
netic parts were removed by an electromagnet. 


Preparation of 
Sample Brick 


1 EpITORIAL Note: The only Fe-Si compound positively known is FeSi. Fe,.Si is 
suspected but not proven. Solid solutions of FeSi and Fe are possible in all ratios. 
The larger the quantity of Fe dissolved with the FeSi, the more magnetic it will be. 

2 By the reducing influence of the electrodes, carbides of aluminum, calcium, etc., 
would be formed if all the SiO, and Fe,O; in the mix was reduced to Si and Fe. Inas- 
much as only enough carbon is added to bring the Al,O3-SiO, ratio from 1/2 down to 3/2 
and to reduce the iron present or added, no carbides were formed or were possible in any 
of these sillimanite melts. 

® Hewitt Wilson, ‘“‘An Oxygen-Acetylene High-Temperature Furnace,’ 
Amer. Ceram. Soc., 4 [10], 835-41 (1921). 

4 Hewitt Wilson, “High-Temperature Load and Fusion Tests of Fire Brick from the 
Pacific Northwest in Comparison with Other Well-known Fire Brick,’’ Jour. Amer. 
Ceram. Soc.,'7 [1], 34-51 (1924). 
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The molding mixtures consisted of 50% 2- to 4-mesh, 40% minus 20- 
mesh, and 10% plastic material of the same composition as that used for 
melting. Gum arabic sorts of 0.2% was ground, dissolved in water, and 
mixed with the plastic portion before the latter was added to the melted 
material. The gum gave sufficient strength for dry handling and kiln 
setting. Eliminating the sizes between 4- and 20-mesh prevented elbow- 
ing of the coarse grains and gave approximately the densest and likewise 
a very strong structure. 

The brick were molded by hand-tamping in a steel knock-down mold 
so arranged that the sides, ends, and bottom could be slid from the soft 
brick. For firing, the brick were placed on end on the center ring of the 
load-test kiln. The quick heating and cooling were very severe and it 
was expected that the results obtained would not be equal to those ob- 
tained in industrial kilns fired to the same temperatures for longer periods 
and cooled slowly. 


Mixtures of Artificial Sillimanite and Glass. (Glassy Type.) Alumina 
Content from 0 to 68 per cent 


Three melts were made of a local fire clay and 
Vitrified Silica- one of the best (grades of English china clay. 
Sidintin ieee The fused material was crushed and used with 

5 and 10% of the original clay for standard-size 
brick, fired to cone 15. The vitrified fire-clay brick were made without 
grog; the vitrified china-clay brick were made with 90% English china- 
clay grog which had been calcined to a white vitreous body at cone 26. 
The molded china-clay brick were fired to cone 26. (See Fig. 4.) 

Mixtures of English china clay and pure alumina were treated in the 
same manner, that is, calcining to cone 26 for the vitrified brick and fusing 
the mixture in the electric furnace for the fused sillimanite brick. 


Fused Versus 


Results 


Resistance to Load.—Table I shows that in resistance to load, the com- 
mercial silica brick in column | is superior to the amorphous materials 
which have been calcined to eliminate practically all the firing shrinkage, 
and also superior to the brick made of crystalline sillimanite, but containing 
glass, both in regard to the beginning of deformation and the final point 
of failure. 

Item marked ‘“‘load fusion”’ is the cone temperature at which shrinkage 
starts under twenty-five pounds per square inch and that temperature 
where 10% shrinkage is reached. 

Silica glass, and fused fire clay containing large quantities of silica glass, 
or fusible silicates attained 10% shrinkage within two or three cones. 
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English china clay and also English clay and alumina, gave a much 
slower yielding (from cones 16 to 28) when vitrified, than when fused. 
Even after a preliminary calcination to cone 26 shrinkage will commence 
as low as cone 16. With but two exceptions (starting at cone 19) all the 
commercial high aluminous and kaolin brick which have been tested in this 
laboratory (eight different brands) have started to shrink near cone 16 
or before.' 

Blocks of artificial sillimanite (containing excess silica) as removed from 
the electric furnace, in the shape of truncated pyramids, were subjected to 
a load of twenty-five pounds per square inch while the temperature was 
raised to over cone 32 in a period of seven hours. After cooling, the in- 
terior appearance and the di- 
mensions of the block had not 
been changed, but the surface 
was covered with a glass about 
one-tenth of an inch in depth. 
The glass was very viscous and 
did not flow down the sides of 
the blocks even at the highest 
temperatures. This proved 
that a mass of interlocking silli- 
manite crystals even though 
individually coated with glassy 


Broken blocks of 


Fic. 5.—Left and middle. 


sheaths has considerable resis- 
tance to load at high tempera- 
tures when the crystals form an 
interlocking skeleton with the 
glass as an internal phase. The 
glass acts as an external phase 


crystalline artificial sillimanite taken from thé 
electric furnace, after a load test to cone 32. 
Note the rigidity of the interior structure even 


though it contains blow holes. Right. Block 
of silica glass melted in the electric furnace, 
after a load test to cone 15. It softened at the 
same temperature as that of the sillimanite 


of brick which contained glass. 
crushed crystalline fragments. (See Fig. 5.) 

Resistance to Fusion.—Having been previously fused, the cone of 
fusion or the high-temperature viscosity of the fire and china clays is re- 
duced from 2 to 14 cones. The amount of reduction is greater with those 
clays of lower alumina and greater flux content. 

Previous fusion produces a glass-like structure which is less rigid at high 
temperature than the vitrified structure of the calcined or vitrified ma- 
terials. 

Previous fusion converts quartz to silica glass and the other crystalline 


1 Shearing is common if large grains of grog are imperfectly bonded with a plastic 
clay or if the bonding material softens before the grog particles. In the latter case the 
grog particles will be lubricated by the softened bond clay and will slide over each other 
in shear. 
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silicates to their corresponding glass forms, accompanied by a loss in den- 
sity and rigidity at high temperatures. 

Slivers of artificial glassy sillimanite crystals consisting of one or more 
crystals, parallel with the length of the sliver, were broken from melt 
27-A (63A1,.03-27SiO2) and heated with cones 34, 37, 38, 39 and 40. When 
withdrawn at cone 34, the point of the sliver was just beginning to glaze. 
At cone 37, the entire surface was glazed but the sliver was rigid. At cone 
38, the sliver was greatly reduced in height but the central crystalline 
structure was still prominent. At cones 39 and 40, the rigid sliver had 
disappeared but the remaining mounds of glass were higher than the two 
Orton cones. 

These crystals did not deform by curving like the standard Orton cones, 
amorphous fire clays, and incongruently melting feldspar crystals, but 
stood with a rigid core while the outer sur- 
face melted and flowed down the sides 
forming a puddle at the base, to which 
the center core was gradually reduced. If 
the temperature had been held at cone 
37-38 or even lower, this same action 
would probably have taken place at a 
slower rate. 

The action of the sillimanite crystals in 
the melt containing 63% alumina is 
apparently a case of the melting of an 
elongated crystalline structure preceded 


Fic. 6.—Right. Brick made of 
glassy type of artificial sillimanite 
after failure by shearing at cone 16 
in high-temperature load test. and hastened by the fusion and dissolving 


Coarse-grained structure. Left. action of the accompanying glass. 
pre According to the Bowen-Greig diagram, 
Spit through the center in the higt- when is heated to 1810°C, 


temperature load test due to im- 


perfect recrystallization in the center. it changes toa mixture of 367% corundum 


and 64% silicate glass (56% alumina and 
44% silica). Unless very viscous, no cone could remain rigid with this 
quantity of fluid glass present and from the cone fusion indications silli- 
manite would have a definite melting point. Potash-feldspar crystals which 
melt incongruently by changing into leucite and silica glass soften through- 
out the mass so that the crystal bends and deforms in the usual cone 
fashion. 

Cones made of the fused glass, chipped from the surface of the sillimanite 
block after it had been subjected to the high-temperature load test, de- 
formed at cone 35-36 bending in the typical manner of amorphous ma- 
terials. Cones made from samples of the entire melt ground to pass a 
200-mesh sieve likewise deformed at cones 35-36 and show the high vis- 
cosity of the silica glass under very small loads. 
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Bonding Glassy Type of Artificial 
Sillimanite.—To avoid the production 
of more glass in the brick than was in 
the melt, it was thought advisable to 
keep the content of plastic bonding 
material as low as possible. Various 
mixtures were made from zero to 20% 
uncalcined English china clay and alu- 
mina. Good mechanical strengths were 
obtained by all when fired to cone 30. 
That is, enough of the glassy sheaths 
enveloping the crystals were fused 
together to provide a rigid glass bond at 
low temperatures, although the brick 
were rather brittle and had a tendency 
to crack in a fashion similar to the dunt- 
ing of terra cotta and porcelain bodies. 

None of these brick were able to resist 
the twenty-five pounds per square inch 
load above cone 18, and several sheared 
at cone 16. 

Petrographic examinations showed 
that some recrystallization of artificial 
sillimanite developed between the 
crushed fragments from the outside 
toward the center and the difference was 
so pronounced in some brick that in the 
load test they split into two vertical 
halves. (See Fig. 6.) A firing to cone 
33 over a period of twenty-four hours 
did not develop sufficient recrystalliza- 
tion to prevent the internal lubrication 
by the glass when subjected to load at 
high temperatures. The rigidity of the 
sillimanite block taken from the furnace 
melt was not reproduced. 


Sillimanite-Corundum Mixtures 
(Stony Type) 
Alumina Content above 68% 


The preceding melts had an alumina- 


Fic. 7.—The habits in which arti- 
ficial sillimanite crystallizes. 


(a) and Sillimanite containing 


silica ratio of approximately 68 to 32. excess silica. (c) Sillimanite contain- 
The crystals were large and _ well- ing excess alumina. 
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developed, with shiny, glassy surfaces. The glass content, although small, 
was active enough to prevent good resistance to load at high temperatures. 

Corundum appeared as another crystalline phase when the alumina 
content was raised to 70%. As it seems to crystallize out almost as rapidly 
as artificial sillimanite, mixtures between 71.7 and 100% alumina showed 
an interlocking structure of corundum and artificial sillimanite, with but 
traces of glass. The appearance of the melts changed from the coarse, 
glassy, well-formed crystalline structure to a dull, fine-textured mass 
Melts having the following ratios were made. att 


Melt number AlzOs SiO, 
28 70 30 
29 76 22 
52 88 12 
54 85 15 
61 90 7.8 
67 95.5 1.5 
68 68 31 
. The texture of this melt varied from rather 
Petrographic 
dense to finely crystalline in appearance. In the 
No. 29 vesicular portions, the blow holes were lined with 
. corundum crystals. By examining crushed frag- 


ments it was found to consist chiefly of sillimanite with some corundum and 


a few minute metallic inclusions. A thin section showed short sillimanite 


(a) (d) 


Fic. 8.—Photomicrographs of thin sections of artificial sillimanite. 
(a) Containing excess silica. 
(6) Containing slight excess of alumina. 


crystals having the appearance of radiating from several centers and pro- 
ducing a fine-grained interlocking crystalline mass. Corundum crystals 
have replaced the glass. (See Figs. 7 and 8.) 
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Melt No. 52 consisted of a “‘sugary”’ type of fine crystallization, composed 
chiefly of corundum. 

Melt No. 54 also showed the fine crystallization but contained more 
sillimanite. 

Load Test.—Brick made with 90% of each of the melts 28, 52 and 54 
and 10% raw material were fired at various temperatures from cone 18-20 
to over cone 33 and for various lengths of time. Very good load tests were 
obtained from all three melts if an interlocking crystallization had been 
effected and if the identity of the original crushed fragments had for the 
most part been lost. One brick made of melt No. 28, fired to cone 33 over 
a period of 18 hours, was subjected to three load tests at cones 28, 26, 
and 32 respectively. In each case, failure of the plungers which applied 
the load ended the test. The brick after these four heatings showed no 
shrinkage or signs of softening. Vertical 
cracks developed in the second test, but 
were only slightly enlarged in the third 
test. (See Fig. 9.) The interior of the 
brick was found to be very tough and 
strong, requiring considerable effort to 
break it. 

The interior showed numerous circular 
cavities, which are probably water holes 
formed during molding. The majority of 
the original crushed fragments have lost 
their identities. Rupture occurred gum prick of melt No. 28after three 
through the grains and not around them. high-temperature load tests between 
Defective molding is probably responsible cones 26 and 32 without shrinkage. 
for the few unknit sections. Right. Typical failure by shearing 

Another brick of melt No. 28, fired to 

manite plus silica. 

cones 18-20 over a period of forty-eight 

hours was entirely unaffected in the load test at cone 29. At this 
temperature the plunger failed and the test was discontinued. Cones 
18-20 can be reached in well-designed combustion furnaces thus bring- 
ing the manufacture of these brick within the reach of well-known 
ceramic equipment and practices. The brick mentioned in these tests 
were ali fired in the small 18-inch load test kiln. Cone 26 was brought 
down in at least eight hours and in cooling from the maximum temperatures, 
the furnace would be black in three to four hours. These severe conditions 
did not develop the best structure and this rapid rate of firing and cooling 
is itself a good test of the spalling properties of the brick. 


(To be continued) 
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Abrasives 


Tentative definitions of terms relating to the gypsum industry. ANoNn. Proc. 
A. S. T. M., 23 [1], 642-3(1923). E. N. B. 
Report of Committee C-1l on gypsum. W.E. EMuey, etal. Proc. A. S. T. M., 23 
[1], 231-5(1923).—The amendments recommended to the tentative methods of testing 
gypsum and gypsum products are listed. Three papers on gypsum are added as 
appendices. E. N. B. 
Volumetric changes of gypsum. J. M. Porter. Proc. A. S. T. M., 23 [1], 
244-53(1923).—The expansion and contraction of various gypsum-sand mixes were 
exptly. detd. and are displayed in several graphs. It is concluded that the lack of ad- 
hesion of a gypsum sand mix on a concrete base is due to a difference in the expansion 
of the two and not due to chem. reaction between the cement and gypsum. 
E. N. B. 
The fire resistive properties of gypsum. S.H.INGBERG. Proc. A. S. T. M., 23 [1], 
254-6(1923).—The vol. changes taking place in gypsum when it is htd. are reviewed 
and the properties of gypsum as a fire protective covering for columns are discussed. 
E. N. B. 
Report of Committee C-3 on brick. T. R. Lawson, ef al. Proc. A. S. T. M., 23 
[1], 194-5(1923).—Six types and sizes of paving brick are recognized as standard. No 
specif. on concrete brick are given, since further exptl. data on their properties are 
needed. It is recommended that more study be made of the condition of brick, after 
yrs. of service, obtained from demolished bldgs. E. N. B. 
Report of Committee C-4 on clay and cement sewer pipe. R. HERING, ef al. 
Proc. A. S. T. M., 23 [1], 196-7(1923).—The subjects receiving the considerations of 
the sub-committee, and recommendations regarding specif. are given. E. N. B. 
Report of Committee C-6 on drain tile. A. Marston, ef al. Proc. A. S. T. M., 
23 [1], 198-207(1923).—Abstracts are given of field and lab. tests on drain tile carried 
out by (1) Iowa Eng. Expt. Sta., (2) Structural Mats. Résearch Lab. of Lewis Institute, 
(3) U. S. Bur. of Public Roads, and (4) Engineering Inst. of Canada. The changes 
recommended in the Standard Specif. for Drain Tile (C-4 (1921)) are also listed. 
E. N. B. 
Report of Committee C-7 on lime. H.C. Berry, ef al. Proc. A. S. T. M., 23 
[1], 208-13(1923).—The repts. of the 7 sub-committees contg. recommended revisions 
of specif. are given. BE. N. B. 
Tentative specifications for hydrated lime for structural purposes. ANON. Proc. 
A. S. T. M., 23 [1], 620-5(1923).—The requirements cover chem. properties, fineness, 
const. of vol., tensile strength and plasticity. The methods used in making these tests 
are described. E. N. B. 
Tentative specifications for concrete aggregates. Anon. Proc. A. S. T. M., 23 
[1], 626-8(1923).—Requirements are given covering the quality, grading and strength 
in concrete for both fine and coarse aggregate. E. N. B. 
Tentative specifications for gypsum. ANoN. Proc. A. S. T. M., 23 [1], 629-31 
(1923).—Covers (1) mats. and standards, (2) sampling, (3) packing and marking, 
(4) inspection and rejection. E. N. B. 
Tentative specifications for gypsum partition tile or block. ANon. Proc. A. S. T. M., 
23 [1], 632-5(1923).—Covers requirements for compn., dimensions, strength, sam- 
pling and inspection. E. N. B. 
Tentative methods of sampling, inspection, packing and marking of quicklime and 
lime products. Anon. Proc. A. S. T. M., 23 [1], 636-9(1923). E. N. B. 
Hydraulic and puzzolanic cement from volcanic ash and clay-shale of western 
India. K. A. Knicut Hattowes. Trans. Min. and Geol. Inst. of India, 18, 72-5 


| 
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(1924).—Results given of exptl. research in the lab. of Geol. Surv. of India. A table 
shows results obtained from 25 samples. It shows that it is possible to make puzzolanic 
cements of low tensile strength from the mats. available by mixing the volcanic ash of 
the island with the lime which has been locally manufd. 0. P. BR. O. 
Cements with high aluminium content. M.J. Buw. J. four. elec., 32, 13(1923); 
J. Inst. Metals, 30, 703.—Cements are characterized by slow setting and rapid hardening. 
By raising the Al content in ordinary lime cement products of the following formulas 
are obtained: Al:O;.3CaO, 3Al.03.5CaO, AlO;.CaO, AlO;.3CaO. The first two are 
of no com. use, the last two are useful; they are obtained by fusion in elec. furnace at 
1350° to 1500°.  Compn. may vary from 5 to 15% SiOs, 35 to 45% AlOs, 35 to 40% 
CaO. They are highly resistant to salt water and solns. contg. sulfates. They harden 
in 7 to 8 hrs. C. L. M. (C. A.) 
Water-solubility and hydration of the calcium aluminates. Hans KUHL AND 
HEINRICH THURING. Zement, 13, 109-11, 243-6(1924).—The set of Ca aluminates is 
the crystn. from the H.O phase as in plaster of Paris. The soly. is about that of Ca- 
(OH)2. Mixes of pure powd. CaO and Al,O; in mol. ratios of 1-1, 3-1, and 5-3 are 
made into balls and melted from the top with an oxy-acetylene flame, the unmelted 
shell holding the melt. Pure cryst. subs. result. Digestion of 0.3 g. in 100 cc. H.O 
at 20° for 24-192 hrs. in pure H.O, weak and concd. solns. of Ca(OH), follows. -The 
solns. become turbid after a few hrs.’ contact, because of colloid formation. The fil- 
trates are examd. for Ca and Al in the usual way. The three aluminates studied are 
sol. in H,O, with decreasing soly. in increasing concen. of lime solns. The dissolved 
aluminates react with lime solns. producing Al(OH); and hydrous Ca aluminate. The 
Al(OH); formed by hydrolysis shows as a gel in a few hrs. Microscopic examn. reveals 
many hexagonal crystals of Ca hydroaluminates forming in solns. poor in Ca. This 
salt is quite sol., shows weak hydrolysis and contains probably 3 or less CaO to 1A1,Os. 
Small octagonal crystals also appeared in rich CaO mediums, having low soly., strong 
hydrolysis and consisting probably 4 mol. CaO to 1AlO;. The reaction products de- 
pend on the total concn. of reacting subs. and not on the type of original aluminate. 
..4.) 
Determination of the hardness of abrasives. W. Minpnr. Werkstattstechnik, 17, 
No. 12, 360-7(1923); Physik. Ber., 4, 1092-3.—For uniform feeding of abrasive the 
grinding action is proportional to the time. The amt. of grinding per unit time, a, 
depends on the rate of feeding of the abrasive; it rises to a max. and then decreases. 
The length of life of the material is ascertained by measg. the amt. of substance which 
it is grinding off in different periods of time. If the amt. of grinding accomplished at 
time ¢ is designated by A, and the speed of grinding da/dt is put proportional to the 


Material G.108 ¢.105 G..108 Ay He Hy; Hy E 
Quartz sand 42 64 27 308 175 =7.0 10,300 
Corundum (Norton) 142 107 152 1150 1000 «9.0 
Corundum (Dynamidon) 113 139 157 1150 1000) =—9..0 
Corundum (emery) 142 114 162 1150 1000. 9.0 
Tungsten carbide 163 106 168 
““Novo-diamond”’ 163 106 168 1150 1000 9.0 
Corubin 127 193 246 1150 L000 9.0 
Corundum 142 200 234 1150 1000 
Volomit 21 234 138 = 310 120 1765 
Si carbide 212 229 485 i 9.8 
Diamond co 495 140,000 10.0 


Volomit 13 296 194 575 
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grinding power A —a, then a = A(1—e~‘), where ¢ is a proportionality factor. Since 
the total grinding work is proportional to the square root of the quantity of abrasive 
applied, S, A = G+/ S, where G is the sp. total grinding work per unit quantity of 
abrasive. For similar material this grinding power is independent of the size of particle. 
Apparently the grinding power increases with pressure applied to a limiting value, and 
then rapidly falls off. The relation between grinding speed, grinding surface, and 
hardness of the comparison material should be considered. As a measure of hard- 
ness either the value G or c would serve, though it is expedient to replace c by Gc, the 
initial grinding speed per unit quantity. The table gives a résumé of exptl. results. 
H,, Hz, Hs; and H, denote hardness after Auerbach, Rosiwal, Moss and Martens, resp., 
and E denotes modulus of elasticity. A. AD 
PATENTS 
Process and apparatus for making cement. SPENCER B. NEWBERRY. U. S. 
1,504,701, Aug. 12, 1924. Ina device of the class described the combination of a vertical 
kiln having an outlet at the top and a movable grate at the bottom to 
T =. support the mass in the kiln and regulate and control the discharge of 
_S clinker through it, a pipe for supplying air under press. to the space below 
the grate, a substantially air-tight closure below said grate of funnel 
shape with a central discharge extension, a pair of spaced valves in said 
extension and means for feeding mat. contg. carbonaceous combustible 
matter to said kiln at the top. 
Process for burning cement clinkers. SPENCER B. NEWBERRY. 

U.S. 1,504,702, Aug. 12, 1924. The process of producing cement clinker 
comprising forming small coherent masses of cement raw mat. and car- 
bonaceous fuel, the constituents of which are so proportioned that the 
argillaceous matter will be less than that required by an amt. which 
will be replaced by the ash produced when the combustible constituents 
are burned, supplying said masses to the upper surface of a laterally 
enclosed and heat insulated body of predetd. height composed of similar 
masses, forcing a strong blast of air upwardly through said body to | 
support and cause the combustion of the combustible constituents, and a 
discharging the cement clinker thereby produced at the bottom, agitating the body of 
mat. during the passage of air for combustion and disintegrating coherent masses of 
clinker as they are discharged. 

Magnesite cement. B. BAKEWELL. Brit. 214,369, Feb. 6, 1923. A cement which 
does not corrode Fe is made by adding FeCl, 30 parts (calcd. as cryst. chloride) to 100 
parts of magnesia. Fillers such as asbestos, sand or cork may be added but fillers are 
to be preferred which do not absorb H:2O to any great extent as excess of H,O destroys 
the non-corrosive character of the cement. The H:O should not exceed 70% of the 


MgO. A.) 


Art 


Clay figures of palaeolithic age. ANON. Nature, 113, 506(1924).—The discovery 
has recently been made by M. Norbert Casteret of some remarkable examples of palaeo- 
lithic art in the vicinity of Saint-Martory (Haute Garonne). In a cavern were found 
not only rock carvings of animals and a human head, but some clay models in the round 
and in bas-relief. Geol. evidence indicates that these figures date back to a cold and 
very dry period when the parts of the cavern now filled with water from a subterranean 
stream were readily accessible. The find is notable in that the only previous discovery 


of a like nature is that made by M. le Comte Begouen at the Tuc d’Audoubert in 1912. 
O. P. R. O. 


‘ 
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Cement, Lime and Plaster 


Getting rid of efflorescence on gypsum plaster. E. C. Weicu. Chem. Met. 
Eng., 31, 263-—4(1924).—Efflorescence is due to sol. salts in the mixing water, sand, or 
calcined mat. Fairly insol. compd. such as gypsum may be deposited as efflorescence 
if water percolates through the mat. continuously, or if water is condensed and evapd. 
on the surface of the mat. repeatedly. Lime added to the plaster or used in the finish 
coat usually prevents efflorescence. Addition of '/2% of dextrine or gum arabic to 
the mixing water reduces efflorescence on casts considerably. M. E. M. 

What is good magnesium oxychloride cement? H. L. OLIN anv B. H. PETERSON. 
Chem. Met. Eng., 31, 266-7(1924).—The effects of additions of various mat. to mag- 
nesium oxychloride cement were noted. 120-mesh calcium carbonate had no effect 
up to6%. Iron and aluminum oxides up to 4% had no effect. Calcium oxide lowered 
the tensile strength in direct propn. to the per cent present. The last mat. has no effect 
on the temp.-vol. change, but lowers the tensile strength by increasing the setting shrink- 
age. Addition of 6% free lime increased the setting shrinkage ten-fold. M. E. M. 

Silicate of soda and concrete. ANON. Chem. Age, 9, 118(1924).—Na,SiO; is 
being used as a wash for concrete in ratio of 1:4o0f H,O. Gives a hard surface resisting 
abrasion on road work. Eliminates growth of fungus on sewage tank walls and reduces 
the permeation of H,O. 

Bricks from blast furnace slag. ANon. Chem. Age, 9, 11(1924).—Slag mixed 
with 6-10% of Ca(OH): which must be completely slaked. Special hydrater used to 
give ample opportunity for mixing of CaO and H,O. Slag and lime mixed in edge 
roller mill, Molded under 4000 lb. press. per sq. in. Heated 5-6 hr. in steam at 
212°F. Crushing strength of brick 4800 Ib. per sq. in. Gd 

Thermo-chemistry of Portland cement burning. M. DAUTREBANDE. Quarry 
& Surveyors’ & Contractors’ Jour., 29, 218(1924); Chaleur et Indus.—The thermic re- 
actions produced during burning process of the mat. of artificial Port. cement are com- 
plex, and if some are well detd. others are still open to conjecture. D. concludes that 
artificial Port. cement is produced from ground clinker or rock obtained by burning to 


TABLE I 
Clay Schist 
2 2 
Loss by heat 11.90 10.90 7.25 8.80 
SiO, 54.00 59.80 58 .4C 53.90 
Al,O; 16.00 14.11 16.39 20.40 
Fe,O; 5.50 4.10 9.11 8.10 
CaO 9.50 7.80 4.22 5.10 
MgO rhe 1.20 2.05 1.35 
SO; 2.01 1.44 
TABLE II 
Limestones Clayey limestones 
l 2 1 2 
Loss by heat 42.61 39.20 — 
SiO, 0.64 5.80 30.60 22.15 
a 1.825 3.55 12.50 9.00 
CaO 55.30 52.10 31.54 37.92 
MgO 0.47 traces 0.80 1.10 


SO; traces 0.30 0.20 
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vitrification point of a thoroughly and finely ground mixt. of carbonate of lime in the 
form of chalk marl or limestone, and of clay or schist, and gives the preceding analytical 
tables of the component parts of the mixt. after burning. 

During the burning process the following reactions take place: (1) Elimination of water; 
(2) decompn. of the carbonate of lime into carbonic acid and lime CO.CO = CO, + 
CaO; (3) decompn. of carbonate of magnesia into carbonic acid and magnesia, CO;Mg 
= CO, + MgO; (4) combination of the silica with the lime to form silicates of lime; 
(5) combination of the alumina with the lime to form aluminates of lime; (6) oxidation 
of iron protoxide; (7) combustion of organic matter and of sulphur of sulphurets, while 
certain sulphates are not decomposed at burning temp.; (8) volatilization of alkaline 
salts. 

TABLE ITI 


1 2 3 
Loss by heat 0.50 1.00 0.84 
SiO, 22.91 22.00 26.36 
Al,0; 6.75 } 9.50 7.82 
Fe,O; 3.00 2.18 
CaO 64.34 65.25 64.50 
MgO 2.00 1.08 0.21 
SO; 0.50 2.04 1.35 


Of the several reactions and combinations induced by the burning process, some (the 
endothermic) absorb heat, while others (the exothermic) liberate ht. The endothermic 
reactions are: (1) Decompn. of carbonate of lime into carbonic acid and lime which 
requires 436 cal. per kg. of carbonate of lime; (2) decompn. of carbonate of magnesia 
into carbonic acid and magnesia requiring 213 cal. per kg. of the carbonate; and (3) 
elimination of water. The exothermic reactions are: (1) Combustion of organic matter, 
carbon giving 8080 cal., and (2) combustion of sulphur which, in transforming to SOs, 
gives 2250 cal. As regards the combination of silica and alumina with lime, these, 
according to Berthelot, would give 591 cal. per kg. of lime, or 331 cal. per kg. of carbon- 
ate of lime (1 kg. of CO;Ca containing 0.56 of quicklime). These combinations may be 
exothermic, as shown by calec., which work out with too low a value for reactions to 
add anything to ht. augmentation. M. Hendricks considers these reactions as exo- 
thermic but, though liberating a considerable quantity of ht., they are incapable of 
raising the temp. of the burning mass in reaction, because their ht. is utilized in counter- 
balancing another endothermic reaction produced at the same time, viz., the dissolution 
of the alite (a silicate of calcium). As to firing temp., the firing of the clinker-pro- 
ducing mat. results not in fusion but rather in a vitrification marked by elimination of 
vol. and augmentation of d. in the mass. Various factors influencing temp. are: (1) 
homogeneity of aggregate, fineness of grinding and wetness, and (2) chem. compn. 
In one dry process a higher figure than 15° % of water has facilitated burning, while, 
with a very dry meal, combination is retarded and a start in burning appears to be slow 
and difficult. As to chem. compn., the melting of iron oxide and alumina may be 
considered to facilitate burning, while a high percentage of lime renders this operation 
more difficult. The form of the silica used has also a great effect, as sol. it combines 
more easily and at a lower temp. than it does in an amorphous or quartzose state. 
It can be assumed that at 900°C carbonic acid is completely expelled and that certain 
reactions between the silica and the iron oxides and the alumina are beginning, and 
that burning will be finished at about 1550°C. For a meal leaving 23.6% on a 200 
per cu. cm. mesh sieve, the burning temp. necessary is above 1612°, while for the same 
mixt., but ground so as to leave only 2% on the same sieve, it requires a temp. of 
1475°C. Fora 62.64% of lime in the clinker, firing temp. was 1549°, while for 63.83% 
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it was 1593°, and for 62.12%, 1625°. Waste gases from furnaces range from 300° to 
600°C., depending upon the burning process installed, and also on the length of the fur. 
These gases have been utilized for various purposes, such as drying of paste, htg. of 
boilers, and preliminary firing or calcination of mat. in sep. fur. In a fur. 20 m. 
long and 2 m. in diam., it is calcd. that there is a loss of 72° of the total ht., though this 
amt. has been reduced to 36%. The gases of one fur. 50 m. long and 2.75 m. in diam., 
used for the wet process, had a temp. of 400°C when issuing, but the loss of ht. through 
the flues was only 18% of all produced. ee a 

Lime (S. Africa). T. G. Trevor. S. African Jour. of Indus., 7, 459(1924).— 
Three forms of limestone are at present known and worked in S. Africa: (1) Magnesium 
limestone (common dolomite), which covers vast areas in the Transvaal and Cape 
Provinces; (2) white lime deposits have been inadequate to meet the demand for chem. 
and metallurgical purposes, but an extensive deposit of pure white limestone, said to 
contain not less than 7,000,000 T., is now being opened up at Taung, Bechuanaland; 
and (3) desert limestone covers vast areas in all the Provinces, but it contains 20% 
silica and other impurities. It is used for cement making, for other purposes it does 
not generally yield a good lime. ©. P. B. O. 

The dehydration of gypsum. P. Jo_iBois AND P. LEFEBRE. Oil and Color Trades 
Jour., 66, 684(1924).—When the temp. does not exceed 160°C, the loss of water cor- 
responds to the formation of a semi-hydrate. A complete dehydration can be effected 
rapidly at 200°. These observations explain why plaster taken out of the ovens or 
fur. is a mixt. of anhydrous sulphate of lime and semi-hydrate. It is well known that 
if the temp. exceeds 300° the plaster obtained will no longer set with water. (Rev. de 
Chim. Ind.) See Ceram. Abs., 2 [10], 214(1924). O. P. R. O. 

A hundred years of Portland cement. K.Gosiicn. Zettschrift fiir Angewandte 
Chemie, 37, 265, 297, 504(1924).—A history of the growth of the Portland cement 
indus. in Germany outlining the development of the various processes to the present 
time. 2. B. 

Portland cement of high basicity. Faspio FERRARI. Alli congresso naz. chim. 
pura applicata, 1923, 286-93; cf. C. A., 15, 2345.—Expts. are described on artificial 
calcined products to det. the reln. between the hydraulic properties and (1) the compn. 
and nature of the generating mixt.; (2) the fineness of grinding and homogeneity of 
the resulting mixt.; (3) the temp. of firing; (4) the rate of cooling and (5) the fine- 
ness of grinding of the cement. The mixts. were prepd. by a method already described 
(cf. Ferrari, Le industrie costruttive, 20, No. 1, 1923). The best products in 2 series 
of tests had the following properties: CaO/(SiO. + AlkO; + Fe.O;) ratio 2.23, 2.27; 
SiO. /(Al,O; + ratio 2.97, 3.25; AlO;/FesO; ratio 1.55, 0.65; d. 3.06, 3.03; initial 
set 2.25, 3.33 hrs.; final set 4.08, 5.5 hrs.; expansion (Le Chatelier) 0, 0; resistance to 
compression in kg. per cm?. after 3 days in H,O 253.4, 235.7; after 7 days in H,O 235.7, 
369.0; after 28 days in H.O 574.7, 667.5; after 28 days in air 601.9, 632.2. 

Action of calcium chloride and calcium sulfate on the setting and hardening of 
Portland cement. Fapsio FERRARI. Afti congresso naz. chim. pura applicata, 1923, 
294-7; cf. Candlot, Chaux et Ciments, Paris, 1908.—In view of the fact that CaO isa 
normal component of Portland cement (cf. C. A., 15, 2345), that it plays an essential 
part in the setting and hardening, and furthermore that its action has not been satis- 
factorily explained, expts. were made to det. the action of CaCl, and gypsum during the 
setting and hardening of a mixt. of CaO and SiO,. A mixt. of CaO and quartz (20:80) 
ground to the ordinary fineness of cement set in 10 min. when made into a paste with 
H:0 alone. The same mixt. with 2-3% CaCl--soln. set in approx. 9 hrs., a result in 
accordance with the fact that CaO becomes hydrated with extreme rapidity in the 
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presence of CaCl, and that Ca(OH), is almost insol. and crystallizes very slowly. With 
30% CaCl soln. however the paste set in 5 min. and became extremely hard in a short 
time, due to the formation of an oxychloride (cf. Le Chatelier, Recherches expérimentales 
sur la constitution des mortiers hydrauliques, Paris, 1904). A mixt. contg. 19.6% CaO, 
78% quartz and 2% gypsum set in approx. 4 hrs. with H;O alone, with noticeable harden- 
ing. When a const. wt. of a mixt. of CaO and gypsum in varying proportions was agi- 
tated with H,O, the max. rise in temp. increased with the amt. of gypsum. Unlike the 
ordinary product obtained with CaO and H,0O, the products even with a low amt. of 
CaSO, were composed of minute hard granules. The expts. indicate in general that 
setting is retarded by gypsum and small amts. of CaCl, (cf. C. A., 16, 2586, 4318) but 
is accelerated by a large amt. of CaCh. ieee. OO. 
Portland cement silicic acid. F. Harr. Zement, 12, 300—1(1923).—Three Port. 
cements were very finely ground, treated with HCl, and the silica which sepd. later was 
washed and then exposed to air at a definite temp. and of definite humidity until const. 
in weight. The relative propns. of water and silica in the product at various inter- 
vals were detd. and the results plotted on a compn.-time chart. The water content 
decreased regularly for 11 days, but then the curve showed a sudden change of direction 
and the water content subsequently remained practically const. The point at which 
the change occurred corresponded to a compd. contg. 62.78% of silica and 37.22% of 
water, 7. e., to an orthosilicic acid, with each of the cements examd. 
a: 
Development of hydraulic properties in granulated blast-furnace slags. H. 
Kun. Zement, 12, 320-2(1923).—Apparently small differences in slags may cause 
great differences in the nature of the resulting cement. Some blast-furnace slags— 
particularly those rich in alumina—produce excellent cements when ground with a large 
percentage of CaSO,, with or without a suitable ‘‘developer of hydraulicity’’ such as 
lime or Port. cement clinker. The addn. of 1% of lime is useless. When 3-5% of lime 
is used, the mixt. remains ‘‘dead” for some days and then suddenly develops a high 
strength. Port. cement when added to a slag behaves in a similar manner to lime, 
but the final product is not so strong, 30% of cement clinker having a similar effect to 
8% of lime. When CaSO, alone is added, at least 12% is required to produce a mixt. 
having a satisfactory crushing strength after 28 days. The best results, so far as tensile 
and crushing strengths are concerned, were obtained with a slag from cast iron, with 
a mixt. of 86% of slag, 8% of lime, and 3-9% of CaSO,. A mixt. of 70% of slag, 30% 
of cement clinker, and 2-10% of CaSO, gives similar results. B. <. & 4.) 


Influence of the chemical composition of slags and Portland cements on the harden- 
ing of blast-furnace cement and on its resistance to sulfates. R.GrRUN. Zement, 12, 
297-8, 307-10, 317-9, 326-9(1923).—Several Port. cements and blast-furnace slags 
and mixts. of these in various proportions were examd. and it was found that with each 
slag also there was 1 Port. cement which gave better results than the others; the ore 
cement was as good as any of the Port. cements. In blast-furnace cements the slag 
acts as a carrier of the hardening agent and is the source of strength; the influence of 
the Port. cement is much less than that of the slag. The influence of the Port. cement 
on the resistance of a blast-furnace cement to sulfate solutions is low, but is greater than 
its influence on the crushing strength. All the mixts. gave better results than any of 
the sep. materials. The slags least resistant to sulfate solns. were those lowest in silica 
and high in alumina or Mn. The mixts. contg. Port. cement with less than 63% of 


lime and these with the ore cement were the most resistant to sulfates; these were also 


Influence of the chemical composition of slags and clinker on the hardening of 
blast-furnace cements and on their resistance to sulfates. HAEGERMANN. Zement, 


j 


CERAMIC ABSTRACTS 313 


13, 2-3(1924).—A criticism of Griin’s paper (cf. above) dealing chiefly with questions 
of priority and also pointing out that as the Port. cements used by Griin were of poor 
quality his results must be accepted with caution. 
Influence of sugar and similar substances on the setting and hardening of cement 
and cement-mortars. BURCHARTZ AND VON WROcHEM. Zement, 13, 11-3(1924).— 
The use of a 0.1% soln. of sugar instead of water when mixing cement slightly increases 
the strength, but if a 0.25 or 0.5% soln. is used, the strength is diminished and the test- 
pieces crack in water. When a 1% soln. is used the cement has a low strength at 7 
days, but an abnormally high one at 28 days. A 1:3 cement sand mortar behaved 
similarly, but great strength at 28 days was not developed. When glucose or tannic 
acid was substituted for sugar, a similar loss in strength occurred. When samples of 
cement mortar were immersed in a 1% soln. of sugar for 28 days no change occurred 
in their strength. Microscopical examn. showed that sugar and similar substances 
hinder the formation of crystals in cement-mortar and also hinder the swelling of the 
cement particles. This power of sugar and similar substances to reduce the strength 
of cement mortars suggests that when a cement is found, in use, to give low results a 
search should be made for org. substances in it, in addn. to making the usual tests. 


Enamel 


Interchangeable air system reduces operating cost in enameling plant. ANoN. 
Cer. Ind., 3 {2}, 99-102(1924).—Rept. of visit to The Vitrified Iron Products Co. of 
Clyde, Ohio. Cast iron and sheet steel porcelain enamel ware are manufd. ‘The cast 
iron pieces are kept in a drier until enameled, after being sand blasted. The sheet 
steel is left in the cleaning tank for from 7 to 10 mins. and is pickled for about 7 mins. 
The baths are kept near the b. p. with open steam jets. The smelter has a capacity of 
smelting 800 Ibs. of raw material in 2 hrs. The recuperation principle is very effectively 
employed, the primary air being preheated to 700°F. Low press. air and high pressure 
oil are used in the burners. The hearth of the smelter is built in the form of the letter 
“Vv” with a slope of about 20° from the back wall to the tap hole. An interchangeable 
air compressor and fan arrangement permits continuous operation throughout the 
plant. The driers are gas heated and equipped with canvas doors. The furs. are oil- 
fired and equipped with 3 recuperators. A uniform temp. is insured throughout the 
length of the fur. by having the openings to the recuperator chambers at the front of 
the fur. The 8-in. oil burners operate on 60 Ibs. oil pressure and 12 ozs. air press. 
From 8 to 9 gals. of oil are required per hr. to fire from 400 to 600 sq. ft. of sheet steel 
or over 400 Ibs. of cast iron. The sheet steel ground coat is fired at between 1650 and 
1675°F and the cover coat at between 1625 and 1640°F. The cast iron enamel is 
fired at between 1350 and 1400°F. The temp. is measured with pyrometers and the 
time with sand clocks. P. D. H. 

The use of antimony in the enamel industry. B. REwaLp. Chem.-Zig., 48, 
280(1924).—While SnO, is the most commonly used opacifier, Sb has lately gained wider 
recognition. In many countries the use of Sb in technical enamels is forbidden on 
account of the danger to health. But if the Sb is properly fritted there is no danger 
and its use should not be forbidden. AD 

Enamel apparatus and its use. WENz. Chem. App., 11, 89(1924). J. H. M. 


Glass 


Tremendous strides made by plate glass industry in last decade. ANon. Cer. 
Ind., 3 [2], 95-8(1924).—One of the most costly items in the manuf. of plate glass has 
been glass pots. An average of 12 melts per pot is considered a good record. In most 
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branches of the glass indus., the continuous tank fur. has replaced the pot fur. A 
plant is thus enabled to operate continuously and at a lower cost than with the pot fur. 
While fuel is an important item, the principal expense of glass making has been the 
labor cost. Modern machinery, however, is gradually replacing hand labor. The 
automobile indus. requires 50% of the annual plate glass output. There are tables 
giving the production of bldg. glass in the U. S. and the exports and imports over a 
period of years. P. D. H. 
Glass manufacture (Czechoslovakia). ANon. Indus. Aust. and Min. Stand., 71, 
878(1924).—A history of the glass indus. of Czechoslovakia, which now ranks 2nd 
largest in Europe. It comprises 160 factories and 3600 small establishments where 
glassware is cut, engraved, etched, painted or mounted. ©. P. BR. 6. 
Electric furnace for glass-making. J. E. Parxer. So. Af. Jour. Indus., 3, 
158-60(1920).—A treatise on the suitability of the elec. fur. for glass-making. The 
difficulties to be overcome in the design of an elec. fur. suitable for the smelting of the 
“batch” and “‘fining’’ are very minor ones, and a good type of elec. fur. would produce 
a glass of the purest quality economically and at a min. of loss. The points in favor 
of the elec. fur. are its increased production and regular uniform good quality glass. 
The operating costs of such a fur. would show a considerable saving per ton of glass 
over the existing system. 0. P. R. O. 
Wood’s metal as a seal in vacuum apparatus. Lars A. WELo. J. Optical Soc. 
Amer., 8, 453-4(1924).—Wood’s metal applied to glass or quartz with a soldering iron 
molds itself and adheres sufficiently well so that tubes may be joined by soldering the 
junctions with the same mat. The method is satisfactory for glass or quartz. 
D. E. S. 
Correlation between crack development in glass while conducting electricity and 
the chemical composition of the glass. EarLe E. ScnhumMAcHER. J. Am. Chem. 
Soc., 46, 1772—7(1924) —Measurements were made at a temp. of 300° of the suscepti- 
bility to crack development of 5 different kinds of glasses when conducting electricity, 
by detg. the no. of times the current could be reversed before the glass cracked. The 
tendency to crack increases with increasing alkali content and elec. condy. of the glass. 
Borosilicate glasses showed the least tendency to crack of any of the glasses tested. 
The anal. of 4 of the glasses are included. D. B.S. 
Phosphorescence of fused transparent silica. CHAPMAN AND Davies. Nature, 
113, 309(1924).—When oxygen or hydrogen is driven into fused quartz by the elec. 
discharge quartz acquires the property of phosphorescing. This property is probably 
intimately connected with the absorbed gases. A large quartz tube 100 cm. long and 
having a diam. of 3.5 cm. was provided with external electrodes of aluminium foil 35 cm. 
apart. The tube was filled with oxygen (from which mercury and other condensible 
vapors had been removed by liquid air) at a press. of about 0.035 mm. of mercury. 
The gas in the quartz tube was submitted to the action of the silent discharge. When 
the discharge was stopped it was noticed that the tube or its contents were glowing 
brightly and continued to glow for more than 20 mins. The luminescence was at first 
thought to be the well-known afterglow of oxygen, but was found to be due to the 
quartz itself or to the oxygen absorbed near its inner surface because (1) when a small 
area of the tube is cooled with liquid air while the discharge is passing, that area glows 
much more brightly than the rest of the tube after the discharge has been stopped; 
(2) cooling a portion of the tube after the discharge has been stopped has no effect; 
(3) the sections of the tube which absorb larger quantities of the gas during the dis- 
charge phosphoresce more brightly; (4) after the glow has ceased the quartz can again 
be made to phosphoresce by heating it; but it entirely loses this property when all the 
absorbed gases have been removed, The phosphorescence caused by heating can be 
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observed with no apparent diminution in intensity 24 hrs. after the stimulating dis- 
charge has been stopped, and the phenomenon is just as pronounced after all the un- 
absorbed oxygen has been pumped out of the tube. Similar results have been obtained 
with hydrogen. O. P. R. O. 

Coppered glass mirrors. E. A. H. Frencn. Nature, 113, 806(1924).—Earlier 
research on this subject was conducted in 1907 by Chattaway, using phenylhydrazine 
as a reducing agent, but on his findings it was not possible to obtain a coherent copper 
film on plate glass surfaces. This was probably due to the formation of tarry by- 
products, which appear inevitably to result when such a reducing agent is used. Expts. 
were conducted at the War Department Searchlight Exptl. Establishment with the 
object of eliminating this drawback. It was found that a satisfactory coherent and 
lasting film can be deposited on plate glass surfaces at a comparatively low temp. by 
the use of hydrazine sulphate. The cleaning of the glass surface is peculiarly important. 

O. P. R. O. 

Material handling in a glass works. C. MICHENFELDER. Zeits. fiir Angewandte 
Chemie, 37, 488(1924).—A short description of operations from the point of economy 
and profit. O. P. R. O. 

The periodic system of the elements and the mechanical and technological proper- 
ties of glasses. J. SALPETER. Z. tech. Physik, 4, 36-9(1923).—The oxides of Na and 
K increase the coeff. of thermal expansion of a glass far more than the oxides of Si, B, 
and Mg. S. finds a parallel between the at. vols. of the elements and their influence 
upon the coeff. of expansion of glasses. A similar relationship is indicated between 
at. vols. of the elements and their influence upon the tensile strength and between at. 
vols. and compressibility of the glass. L. M. H. (C. 

Chapman-Stein recuperator. Wm. C. BuELL, Jr. Jron and Steel Engineer, 1, 
327-39(1924).—A recuperator has many advantages over a regenerator. A well illus- 
trated description is given of the Stein recuperator, together with its advantages in 
design, operation, and economy. 

PATENTS 

Machine for forming glass articles. HENRY M. BrooxFrELp. U. S. 1,505,537, 
Aug. 19, 1924. In app. for forming articles of glass, in combination with means for f feed 
ing molten glass in a continuous unconfined stream, of a 
distributor for dividing said stream into separate masses 
to be subsequently delivered to molds, said distributor com- 
prising a horizontally rotatable table provided with a series 
of vertically walled openings therethrough, means for inter- 
mittently rotating said table to bring said openings succes- 
sively into line with said stream of molten glass, and a sta- 
tionary shear member adjacent to the stream of glass and 
to the upper surface of the table and adapted to coéperate 
with the upper end of each opening to sever the stream of 
glass and carry it over the intervening table surface to the succeeding opening as the 
table makes its intermittent movement of rotation. 

Method of drawing sheet glass. Hupson S. CAMPBELL. 
U. S. 1,505,584, Aug. 19, 1924. The method of forming sheets of 
glass consisting in drawing the sheet continuously from a bath of 
molten glass, severing the glass, gripping the succeeding sheet 
simultaneously with the severing just below the point of severing, 
and gripping the side edges of the sheet at intervals to keep the 
sheet taut, all while in a plastic condition. 

Glass pot furnaces, etc. M.W. Travers, F. W. Clark and 
TRAVERS AND CLARK, Ltp. Brit. 213,999, Jan. 15, 1923. (C. A.) 
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Heavy Clay Products 


Report of Committee C-10 on hollow building tile. W. A. Hui. Proc. A. S. T. M., 
23 [1], 230(1923).—It is recommended that the present tentative specifs. for clay 
hollow bldg. tile continue as tentative and that certain revisions of the tentative defi- 


nitions of terms relating to hollow tile be accepted. E. N. B. 
Tentative definitions of terms relating to hollow tile. ANon. Proc. A. S. T. M., 
23 [1], 640-3(1923). E. N. B. 
Brickmaking at Quilon, India. Anon. Brit. Clayworker, 33, 118(1924). H.G. S. 
PATENTS 
ee Brickmaking machine. Roy P. M. Davis. 
r\ A U. S. 1,506,221, Aug. 26,1924. In a brick making 
\ machine, a pair of pivoted mold supports and molds 


carried thereby, means for feeding a charge of mud 
alternately to the molds to form brick therein, means 
for simultaneously rocking said mold supports in 
opposite directions to filling and dumping positions 
respectively, a pair of vertically movable dumping 
tables one for each moid support, upon which the 
mold supports alternately deposit the brick carried 
thereby, means for simultaneously elevating one 
table and lowering the other, a brick conveyor, said 
tables when elevated receiving the brick from said 
mold support, and when lowered depositing the brick 
upon said conveyor, the movements of said mold 
supports and tables being in synchronism. 


Pallet machine. Roy P. M. 
Davis and Irvin F. Hepter. U.S. 
1,506,222, Aug. 26, 1924. Ina brick 
making machine, a mold support and 
mold carried thereby, a pallet carrier, 
means for delivering a pallet to said 
carrier, said pallet carrier and said 
mold support being swingable about 
a common axis in opposing directions 
to bring said mold and the pallet on 
said pallet carrier into juxtaposition. 

Brick machine. GrorGE C. 
Apams. U. S&S. 1,504,302, Aug. 12, 
1924. Ina brick machine, means for 


striking or rapping the molds com- 
prising gravity-actuated pendant 
swinging hammers adapted to 
strike the sides of the mold, and 
means for raising and releasing 
said hammers to permit them to 
fall by gravity to deliver ‘their 
blows on the mold. In a brick 
machine, means for unloading the 
molds containing the brick, com- 
prising means for bringing the 
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molds and their pallets into inverted position, means for supporting the mold when in 
inverted position, shiftable means for engaging and supporting the pallet and the brick 
when the mold is in inverted position, and means for lowering away the pallet and brick 
from the mold, said means being adapted to disengage the pallet supporting means 
when operating to engage the pallet and permitting the pallet supporting means to 
return to supporting position to support the pallet on a succeeding mold when the pallet 
and brick of a preceding mold have been lowered. 


Refractories 


Silica brickworks and coke ovens. A. H. Mippieron. Colliery Guar., 127, 
157(1924).—Silica brickworks and coke oven plant of the Consett Iron and Steel Co., 
Consett, England, were visited on July 10 by members of the North of England Inst. 
of Min. & Mech. Engrs. M. stated that these works have excited much interest with 
visitors from Holland, France, Germany, Austria, Australia, India and Czechoslovakia. 
Dr. Endell stated that he considered these the best equipped works in the world, and the 
mat. made there the best in the world, but he doubted whether it was commercially 
possible to put such mat. on the market. M. states they could put the mat. on the 
market as a commercial undertaking if people were willing to pay a little more for a 
good thing than a bad one. In bldg. their Fell ovens, of 3600 T. of silica brick: made 
at their own works they had not cut one piece. The fire clay brick they bought had to 
be cut, costing in the latter case 3 times as much in bricklayers’ wages for cutting brick 
as laying brick. A brick is never so strong after it is cut as a brick retaining the kiln 
skin upon it. It was no expt. in bldg. walls in coke ovens of silica. All coke oven 
walls found in America were built of silica. Other features were the high-speed machin- 
ery, the remote coke-quenching, and the iron and steel bindings. The big reduction 
in coking time accompanied by an increase in temp. and was one of the stumbling blocks 
in the way of coking engineers. Their old ovens were working at a max. efficiency as 
high as any in the country and these 21-in. ovens were pushed in 26 hrs. In the new 
ovens with a reduction of only 3 in. in the width they had reduced the coking time from 
26 hrs. to 16 hrs. 20 min. without any increase in temp. The yields of by-products 
were the same as in the old plants. The coking time could be reduced further by raising 
the temps. and a reduction in coking time to 14'/2. or 15 hrs. was possible. There was 
no reduction in size of coke except through the 3-in. reduction in the width of the oven. 
The largest size of coke was necessarily 1'/: in. smaller. The whole industry of silica 
brick-making has changed during the past 3 or 4 yrs. Research work of Dr. Mellor 
and the British Refractory Assoc. has helped. With regard to making of shapes by 
machinery, the number of shapes was so great in the Wilputte oven and other ovens 
(over 300 shapes being employed) the cost of the dies would be prohibitive. The 
plant has been in operation 14 wks. drawing 75 ovens per day. O. P. R. O. 

Refractory facts. ANON. 158 pp.—A handbook of information about fire clay prod- 
ucts, including a short outline of chemistry, issued by the Walsh Fire Clay Products Co. 

O. P. BR. O. 

Chromite (Transvaal). P. A. Wacner. S. Af. Jour. Sci., 20, 223(1923).—The 
chromite of the Bushveld Igneous Complex: origin of chromite, its petrology, chem. 
compn. and anal. are discussed. Occurrence of chromite, its extent and economic con- 
ditions are dealt with; the article is illusd. with plates. O. P.R.O. 

Graphite in Canada. H. P. H. BrumMELL. Jour. of Commerce, 52, 10(1924).— 
Canadian graphite material excels for crucible making. Canada promises to dominate 
the world’s graphite industry. During the past few years the govts. of the U. S., 
Great Britain and Canada have been making exhaustive inquiries and investigations. 
It was not, however, until the advent of the oil frothing flotation method of conen. 
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had been perfected that it was possible to supply Canadian graphite at prices which 
allowed any profit to the producer. EP. RB. Oo. 
What demands are made today upon the refractory materials in the cement indus- 
try? K. ENpELL. Zement, 13, 230-3(1924)—Combining the usual testing of re- 
fractories with their life in practice. K. finds the kiln linings of clinker and cement to be 
the most economical. The app. used to det. the deformation of materials under load 
while heating is described. The action of the fusing clinker upon kiln linings is dis- 
cussed. &.) 
Fuel and refractory lining material. Hirscu. Keram. Rundschau, 31, 14(1923); 
J. Soc. Glass Tech., 7, 194-5.—The necessity for the testing of refractory materials 
before use was emphasized. Particular reference was made to refractory materials 
for boiler-furnaces where the chem. action of slags was an important factor. The action 
of slag on refractory material was tested by placing pulverized slag in a cavity cut out 
of a block of the refractory material and burning the whole at Seger cone 14. The 
action of the slag was seen by cutting through the test piece. Eight slags of the follow- 
ing compn. were tested with blocks of the same shale: loss on ignition 0.5, 4.1, 2.6, 
2.9, a: GE . 6.3; SiO, 47.7, 52.3, 49.3, 45.6, 10.8, 46.3, 17.0, 5.8; AlO; 42.9, 33.0, 
31.9, 35.5, 9.6, 6.2, 17.2, 12.6; FeO; 3.8, 4.9, 6.3, 3.0, 25.5, 25.8, 15.5, 10.0; CaO 4.5, 


3.5, 6.8, 6.7, 34.6, 19.8, 40.4, 50.6; MgO 0.1, 1.8, 1.5, 3.7, 1.6, 1.7, 4.6, 11.2; alkalis 


0.6, —. , 1.2, 1.6, 0.2, 0.2, 3.5; SO; —, 0.3, 0.1, 0.6, 16.4, —, 3.9, 0.1; S —, 0.1, 0.3, 
0.9, —, —, 1.0, —; cone m. p. 27, 17, 14, 12, 10, 9, 12, 11. The first 4, which were 


coal slags, had only a slight corrosive effect. The lignite slags (numbers 5-8) produced 
corrosion in varying degree, the last showing complete soln. of the walls of the cavity. 
With powerful slags, the most suitable refractory material was chosen by comparison, 
by testing the same slag with blocks of different refractory materials. The densest 
material was the most resistant to attack. The action of a slag rich in Fe.O; and CaO 
was tried on a shale, first, unprotected, secondly, with a facing of corundum, thirdly, 
with SiC, and fourthly, with a lining of ““dynamidon,”’ a product with more than 70°% 
Al,O;. The last-named proved most efficient, the slag having no action. Low d., 
high Al,O; content, and high degree of refractoriness (not less than Seger cone 28) 
were shown to be very necessary properties. It was also important that the bricks 
should be uniform and free from flaws. They should have sharp edges, ability to with- 
stand changes of temp., a compression resistance of at least 80 kg. per sq. cm., and an 
after-shrinkage, when heated to Seger cone 14, of not more than 2%. The cement used 
should also be adapted to the slag and the joints should be made as thin as possible. 
The fire-box of the boiler furnace should be built as big as possible to prevent too strong 


local heating by the flames, and trouble by deposits of slag. H.G.(C. A3 
Pyrometric test of refractory clays. F. J. A. Deyarpin. Rev. universelle mines, 
2 |7}, 49-55(1924).—A procedure is described for testing clays by the Seger-cone method, 


which is claimed to be particularly reliable. A furnace which is essentially a modifica- 
tion of that of Meurice (cf. Cours d’ Analyse Quantitative des Matiéres Minérales, Paris, 
1908, 123) is recommended for carrying out the heating. The sample is ground to pass 
a l-mm. sieve and kneaded to a firm paste with HO On compressing in the proper 
mold, a thin paper core may be found convenient for easy removal. Drying should 
be done in the open at 16-18° and should be very slow (at least 3 days). Not over 
55-60 min. are required for reaching 1690°. 
Softening of refractory materials. H. Hirsch anp M. Putrricn. Tonind. Ztg., 
47, S01-6(1923).—Ten silica bricks and one sample of quartzose shale were analyzed 
and the normal refractoriness, the refractoriness under a load of 1 kg. per sq. cm., po- 
rosity, crushing strength, expansion, and sp. gr. were detd. All but one of the silica 
bricks and the quartzose shale showed a slight expansion when heated, though this 
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was very slight below 1300°. The failure occurred in each case very suddenly, the dif- 
ference between the temp. at which softening was first observable and that at which 
collapse occurred being less than 100°, and often less than 30°. The silica brick which 
behaved differently from the others contained only 89% SiO, and as much as 5.8% 
Al.O;, and therefore contained clay. It behaved like a brick made of clay and quartz. 
Eighteen fire clay bricks when similarly heated under a load of 2 kg. per sq. cm. retained 
their vol. to about 1250°, and then began to contract. They did not collapse suddenly, 
like the silica bricks, but slowly lost their shape as the temp. rose, except those bricks 
which contained over 80% SiOe; these bricks collapsed more suddenly, but not so 
rapidly as silica bricks. 
Broken saggers as grog. ANON. Brit. Clayworker, 33, 114(1924).—The use of 
broken saggers as grog for fire brick is recommended. This has the advantage over 
other grog in that it has been repeatedly fired. Hn. G. &. 
The softening temperature of fire brick. Hirsch AND Putrricn. Brit. Clay- 
worker, 33, 112(1924).—Silica brick do not deform cut of shape under load until 1300°C 
is reached. Some of the purer brick do not deform until 1500-1700°C is reached. 
The first signs of softening of fire brick under load is evident between 1130° and 1390°C 
and the rapid collapse is between 1370° and 1700°C. Magnesite brick begin to soften 
under load at 1430°C and 1625°C. The difference in temp. between the commence- 
ment of softening and complete collapse is between 50° to 80°. H. G. S. 
PATENT 
“Brick machine. JAMES R. Tacketr. U. S. 15,889 (reissue), Aug. 12, 1924. 
Original No. 1,460,455, dated July 3, 1923. Ina brick-treating machine, a brick press, 


a brick re-press in spaced reln. to each 

other, a brick support interposed between i 

the presses on which bricks are trans- Le 

ferred from one press to the other, hori- J 5 

zontally reciprocating brick pushing ele- 

ments for engaging bricks and pushing = = = > 

them over the support, vertically and 

longitudinally reciprocating brick-carry- Wit.” | 

ing elements in operative relation to the } 

support for lifting the bricks from the XK 


support and transferring them longitu- 
dinally thereof and re-depositing them thereon, and means for operating the brick- 
pushing elements and brick-carrying elements oppositely. 


Whitewares 


Contribution to the better knowledge of genuine hard porcelain. K.H. REICHAU. 
Trans. Ceram. Soc. (Eng.), 23, 145-53(1923-24).—Describes the application of the 
polarizing microscope to det. the structure of porcelains and glazes. H. F. S. 

The effect of different grades of feldspar and iron oxide on stoneware clays and 
floor tile made therefrom. Kurt Samson. Trans. Ger. Ceram. Soc., 5, 1(1924).— 
Tests made in the research lab. of the state porcelain works in Charlottenburg with 3 
characteristic floor tile clays, 2 German and 1 Norwegian feldspar and iron oxide. Test 
pieces burnt at Seger cones 010a, 05a, la, 3a, 6a, 10 and 12 were tested for (1) shrinkage 
and sp. gr. The clays showing the earliest vitrification were the first to reach their 
max. shrinkage. The mixts. with higher feldspar content vitrify later and shrink less. 
All showed a lowering of sp. gr. with advance in burning temp. Mixts. contg. feldspar 
burnt to vitrification showed the lowest sp. gr. (2) Toughness by the Singer impact 
bending test. The clays alone fired to vitrification showed the highest but most ir- 
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regular result. Addn. of feldspar lowers the resistance but stabilizes the values ob- 
tained. Addn. of iron oxide increases the resistance. (3) Compressive strength. 
Results similar to (2) but iron oxide reduces strength. (4) Resistance to wear by the 
Gary sand blast method. The clays alone fired to vitrification as in (2) stood up the 
best and additions of feldspar lowered and in some cases increased resistance. Iron 
oxide lowers resistance only very slightly. The outcome of these tests indicated that 
theoretically the clays alone fired to vitrification showed the highest average in the tests 
but would occasion mfg. difficulties if used alone. A mixt. contg. 20-30% feldspar and 
well vitrified is recommended as being the best compromise. F. A. W. 

Porcelain clays of Ballarat, Victoria, Australia. R.C. Caister. Chem. Eng. 
and Mining. Rev., 15, 26(1922).—There seems little prospect of an extensive indus. 
in all grades of whiteware manuf. in Victoria, until a china ¢lay indus. has been estab- 
lished. While large quantities of china clays are available, upwards of 8,000,000 T., 
they are not sufficiently pure to be available for use even after a treatment similar to 
that given in Cornwall (Eng.). However, ware, if not absolutely white, yet of pleasing 
tints and with decoration to match, might indicate a way to prepare ware capable of 
competing with good imported ware. 0. P.. R. O. 

The German electrical porcelain industry. W. Hutu. Elektrotechn. Z., 45, 
688(1924).—Brief comment on the present status of the indus. oe 

PATENT 

Press for the manufacture of hollow earthenware articles. EpmMUND WILLIAM 
LeicH. U.S. 1,505,042, Aug. 12, 1924. A rotary press for the simultaneous stage by 
stage manuf. of hollow earthen- 
ware articles, comprising a 
rotary carrier-head, a series of 
molding cylinders in said head, 
a hopper for successively filling 
each of said molding cylinders 
with plastic mat., means for sub- 
sequently compressing said plas- 
tic mat. within the molding cylin- 
der to partly mold the article so 
as to form a base connected to a 
thick annular wall both of plastic 
mat., means whereby said thick 
annular wall of plastic mat. is 
after that subjected to extrusion to form the relatively thin annular wall of the hollow 
earthenware article, a cradle for supporting the article while it is being extruded and a 
traveling conveyor to successively receive and remove the completed articles. 


Equipment and Apparatus 


Apparatus for measuring humidity. Kart HOoLzHAUSEN. Feuerungstech., 12 
[17], 141(1924).—Describes various types of instruments used for detg. humidity 
under the headings (1) app. depending on the phys. change of some mat. such as hair, 
and gut used as indicators only and not for exact measurements, (2) app. based on the 
wet and dry bulb principle, (3) thermoelec. app. for distant readings, (4) app. for detg. 
humidity in hot gases and such contg. impurities such as smoke, dust, etc., (5) continu- 
ous registering devices. F. A. W. 

The Ruths steam accumulator. ANon. J. Soc. Chem. Ind., 43, 765-6(1924).— 
The principle of accumulating exhaust steam to a partial extent has been used for 
many years. Johannes Ruth of Stockholm (first pat. 1913) set out on new lines by stor- 
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ing the steam in heated water. Accumulators with a storage capacity of 25,000- 
70,000 Ibs. of steam are in operation. The advantage from a factory point of view is 
that the boiler plant can be kept running at a steady steam output and press., while 
the steam is stored and delivered to the plant as required. The accumulator consists 
of a large cylindrical container, generally horizontal, with hemispherical ends, built 
of steel plates; it is almost full of water, to 90.95% capacity, and covered with insulating 
mat. The steam main, provided with non-return valves, passes under the surface of 
the water along the length of the accumulator, and has attached 16 branch pipes leading 
downwards into wide-mouth nozzles which go about to the bottom, The steam passes 
out through a delivery tube, and the whole is arranged to be automatic. A special 
form of accumulator is supplied to deliver superheated steam; it consists of 2 containers 
on the regenerative principle of 1 accumulator for superheated steam and the other for 
latent heat. The Ruths accumulator is said to foreshadow a radical alteration in the 
design of steam boilers. H. H. §&. 
The Lutelia mechanical excavator. ANON. Brit. Clayworker, 33, 115-6(1924).— 
A French excavator which digs clay from the bank of clay and loads it into cars or carts 
is described. H. G. S. 
Aerial ropeways. ANoNn. Brit. Clayworker, 33, 106-9(1924). H. G. S. 
The determination of ash fusibility. E. Merrens. Bull. fed. ind. chim. Belg., 
3, 292-301(April, 1924).—A C resistance furnace is described, the heating element of 
which is a graphite tube 30 cm. long, 3 cm. outside diameter, walls 3 mm. thick, a cur- 
rent of 1 amp./sq. mm. cross-section giving a temp. of 1500° while 2 amp. gives 2000°. 
Oxidation of the tube is prevented by passing through it 81. of N per hr. Ash samples 
are ground to approx. 175 mesh and molded into tetrahedra with water and a little 
starch, temps. being measured with an optical pyrometer. The classification of coals 
by ash m. p. is very briefly mentioned. W. B. P. (C. A.) 
The technic of temperature measurements. Kari Hencky. Z. Ver. deut. Ing., 
68, 297-301(1924).—Thermometers which measure their own temps. correctly may 
fail to take up the temp. of the gas or fluid they are measuring. This error is due to 
heat flow along the thermometer or its inclosing tube, and is frequently, and needlessly, 
too large to be overlooked. Well-known formulas are applied to det. the amt. of this 
error in its dependence on dimensions and materials, and tables and curves are given 
to show the results. W. P. W. (C. A.) 
The measurement of air temperatures in closed spaces by thermometers shielded 
from radiation. H. Hausen. Z. tech. Physik, 5, 169-86(1924).—On the basis of a 
lengthy theoretical discussion, a complicated formula has been derived by means of 
which the error in temp. due to radiation may be caled. Extensive exptl. data are 
given which agree with those obtained by means of the theoretical formula. 
46. A.) 
PATENTS 
Commiruting mill. Ray C. Newnouse. U. 5S. 1,504,777, Aug. 12, 1924. Ina 
comminuting mill, a rotary drum, méans for introducing mat. into an end of said drum, 
and an external scoop movable with said drum to introduce 
mat. from an outside source directly into said drum remote 
from. said end, a portion of said scoop extending transversely 
of the drum axis and substantially parallel to the drum 
periphery. In combination, a rotary drum having uniform 
diam. throughout its length, a partition dividing said drum 


into a plurality of chambers, comminuting means in each of said chambers, means 
connected with said partition for delivering reduced mat. from one of said chambers, a 
stationary receptacle adapted to receive said reduced mat., and means connected with 
said drum for feeding mat. from said receptacle into another of said chambers. 
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Comminuting mill. Ray C. NeEwuousk. U. S. 1,504,778, Aug. 12, 
1924. In combination, a rotary drum, an annular screen rotatable with 
| said drum and having side walls, and a spreader located within said screen 
| and between said walls, said spreader being formed to direct mat. delivered 
) from said drum over all portions of said screen. 

Apparatus for washing minerals and other substances. RENE AUGUSTE 
Henry. U.S. 1,505,024, Aug. 12, 1924. An improved app. for washing 
and sepg. minerals and other 
substances, comprising, a 
closed circuit structure, including a main 
trough, a return trough and connecting 
conduits for the troughs, a plurality of 
openings in the main trough, one of 
which openings leads out of the closed 
circuit structure, and is used for the 
heavier particles of mat., another of 
which openings leads to the return trough 


and is used for non-sepd. mat., and an- 
other of which openings leads to a settling tank, and is used for the lighter particles 


together with water, the settling tank having an opening connecting with the return 
trough for leading said water back to the closed circuit structure solely by gravity. 


Kilns, Furnaces, Fuels and Combustion 


A study of the physical properties of powdered coal of varying degrees of fineness. 
CHARLES Roszak. Fuel in Science and Practice, 3, 161(1924).—In gen. it was found 
that the finer fractions contd. a slightly greater amt. of ash and of volatile constituents 
than the coarser fractions. Particles greater in size than 100-mesh usually show a 
somewhat quadrilateral shape. Finer than this they are more irregular. P. W. K. 

New method of producing gas for industrial operations. R. MacLaurin. Trans. 
Ceram. Soc. (Eng.), 23, 121-44(1923-24).—Describes the Maclaurin gas producer 
which is a large producer 45 ft. high by 8 ft. square. It can be operated for the 
production of ordinary producer gas or asa gas retort producing coal gas, oil, ammonia, 
and a large residue of smokeless fuel (soft coke). M. claims it is more economical 
than other gas producing systems. H. F. S. 

New methods in the design of high-duty furnaces for the combustion of lignite. 
PRADEL. Feuerungstech., 12 [15], 123(1924).—Discusses recent developments lead- 
ing to the use of lignite as a fuel to take the place of steam coal or anthracite. 

F. A. W. 

Inspection and control of combustion in furnaces. A. Doscu. Feuerungstech., 12 
[13], 107; [14], 116(1924)—Shows that with the customary method of only detg. the 
CO, in the flue gases, a high CO, content may not necessarily prove efficient combustion 
of the fuel but merely indicate a lack of air with the result that considerable quantities 
of unburned gases are generated. The author describes a practical app. which measures 
and indicates the draught in the fur. and stack and a certain established ratio between 
these gives the highest efficiency. F. A. W. 

Tunnel kilns for brick. ANon. Brit. Clayworker, 33, 122(1924).—A review of a 
discussion on this subject which was recently published in Tonind. Ztg. H. G. S. 

Efficiency in kiln firing. ANon. Brit. Clayworker, 33, 122(1924). H. G. S. 

Burning brick with tar. Anon. Brit. Clayworker, 33, 120—1(1924).—The use of 
tar to burn brick has been tried on the Continent. The tar was stored above the kilns 
where the heat kept it in a fluid condition and thus allowed it to flow into the kilns. 


| 
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Any desired temp. can be reached with this fuel, cone 15 having been easily obtained 


at Eisleben. H. G. §. 
Burning in clamps. ANon. Brit. Clayworker, 33, 102-6(1924).—Different 
methods of burning in clamps are described. H. G. S. 


Correcting a badly fired kiln. ANon. Brit. Clayworker, 33, 101(1924).—The 
writer was troubled with overburned ware in top central portion of kiln and underburned 
ware in the bottom. A more uniform burn was obtained by firing with less coal-each 
time and admitting a little more air over the fires. Firing slower also improved the 
uniformity of product. H. G. S. 

Combustion of pulverized coal. E. Aupmpert. Fuel in Science and Pract., 3, 
56(1924).—The time required for complete combustion of various powd. coals under 
various conditions was studied. Increasing the air up to 40% excess, decreased the 
time of combustion. Particles between 220- and 240-mesh burned 2 or 3 times as rapidly 
as those between 120 and 140. The amt. of ash in the coal up to 50% had little effect. 
In gen. the higher carbonaceous coals burn more quickly than those high in volatile 
matter. Some coals would not burn except on addn. of some secondary air. Anthra- 
cite and coke were burned provided the grinding was sufficiently fine. 3 to 15 cu. m. 
per ton hr. should be sufficient combustion space. Commercial combustion chambers 
could be greatly reduced in size if the dust were injected slowly, the area of chamber 
wall contg. burners reduced in size, or air introduced as secondary air, and the chamber 
maintained at a higher temp. near the burner. P. W. &. 

Thermal conductivity and specific heat of coal. F. S. Smynatr anp H. Mac- 
PuHerson. Fuel in Science and Pract., 3, 12(1924).—Sp. heat was found to be nearly 
0.25 at atmospheric temp. for all coals tested. Of the banded ingredients of coal, 
clarain was found to have a lower heat condy. than durain which might explain the 
tendency of many coals to fracture readily on heating. P. W. K. 

Furnace efficiency. ANON. Queensland Govt. Min. Jour., 25, 261(1924).—Because 
of lack of modern methods of scien. control the av. net working efficiency is only about 
60%. In the working of fur. in the ceram. indus. the efficiency of combustion is very 
much lower because it is difficult to det. the exact performance of furs. of this character. 
Tests were undertaken by a firm of fire clay and refrac. mfgrs. with the object of detg. 
on practical lines the exact saving that could be obtained by the use of the “‘turbine’’ 
forced draught steam jet fur. in place of the ordinary bars and natural draught. The 
tests were carried out on a typical kiln with a content of 15 T. of fire clay products. 
Under the ordinary conditions of firing the fuel consumption was 2.46 (2500 kilos) of 
coal and 0.23 (240 kilos) coke, while the total duration of the htg. was 30-32 hrs. When 
the turbine fur. was installed, a similar series of tests showed that the fuel consumption 
was reduced to 1.99 T. (2030 kilos) of coal and no coke, while the duration of htg. was 
20-25 hrs., 7. e., by adopting up-to-date methods in this respect, the saving was 0.69 T. 
(800 kilos) of fuel, or 25% of the total for every firing and the time of htg. was cut down 
by 10 hrs. in every 30. The coal used throughout was the same low-grade Belgian 
quality contg. 20-22% volatile matter, and for the lighting up of the kiln the same amt. 
of wood was weighed every time. The quality of the products obtained was distinctly 
superior. The color was more uniform, a fact to which great importance is attached 
in Belgium, while the total breakages were only 1% as compared with 7% for ordinary 
methods of firing. This is due to the fact that much less excess air is used with the 
turbine fur. so that the expansion and contraction of the charge is reduced to a min, 

O. P. R. O. 


Classification of coal that will enable the buyer to know what kind of coal he is get- 
ting. G. H. AsHLEy. Cuval Age, 25, 167—71(1924).—This classification is based upon 
the percentage of fixed C detd. by a “standard analysis’’ whereby the values ave re- 


| 
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caled. to a hypothetical 7% ash and the moisture is detd. by drying at 68°F and a 


pressure of 15mm. Hg. 


Descriptive Short 
names name 

Anthracite Anthracite 
Semi-anthr. Semi-anthracite, 
Semi-bitum. Loervol 
Low-volatile Lovol 
Medium-volatile Midvol 
High-volatile gas 

coal Hivol 
High-volatile Hiervol 
High-volatile sub- 

bituminous Moistvol 
Sub-bituminous Himoist 
Lignite Lignite 


Code 
name 
Coal 88 
Coal 82 
Coal 77 
Coal 70 
Coal 63 


Coal 56 
Coal 49 


Coal 42 
Coal 35 
Coal 28 


The following table gives the designations of the various classes: 


Fixed-C Vola- Fixed Fuel 
range Water tile C Ash ratio 
83 3 
80-82 3 7 
60-66 3 3-2 
53-59 3 34 5S 7 2- 
46-52 6 38 49 7 2- 
3945 15 3% 42 7 2— 
32-38 25 33 35 7 2- 
25-31 40 25 28 7 2- 
0. (6. A.) 


The application of the electric furnace to the porcelain industry. P. Bior. J. 
four elec., 33, 116-8(1924), 2 illus—The advantages of elec. firing are discussed and a 


small elec. resistor furnace for 110—220 v. is described 


used for rivet heating. 


1,506,560, Aug. 26, 1924. 


Tunnel kiln. PxHmip Dres- 
SLER. U.S. 1,506,573, Aug. 26, 
1924. In a tunnel kiln the com- 
bination of a htg. means therefor 
comprising internal combustion 
chambers, means for supplying 
fluid mat. to said chambers to 
maintain combustion therein and 
means comprising a plurality of 
outlets from said combustion 
chambers for regularly preheating 
said mat. byproducts of combustion 
withdrawn from said chambers. 


Tunnel kiln and method of operating same. 
In a continuous tunnel kiln, the combination with the kiln chamber, 


Aug. 19, 1924. 


PATENTS 


Hand-operated stoker mechanism for furnaces. 
In fur. stoker mechanism of the class described, an inclined 


It is similar to muffle furnaces 


Joun J. BRIDGEFORD. U. S. 


grate comprising a plurality of rocking 
shaking bars arranged in series and 


‘ projectable toward the lower end of 


the grate, means for operating the bars 
of said series at will, a plurality of 
plungers arranged at spaced intervals 
below the plane of the grate bars and 
mounted to penetrate vertically above 
said plane, and means for imparting 
substantially vertical movement to the 
plungers to cause the same to pass 
upwardly into the fuel bed. 


DrReEssLER. U. S. 1,505,767, 
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of means for supplying heat to a 
htg. up and high temp. zone of the , 
kiln chamber and means for regulat- 
ing the temp. in another zone of the 4 a aaa 
kiln chamber comprising conduits 
extending along said last mentioned 
zone, and means for passing either a htg. medium or a cooling medium through said 
conduits. 
Tunnel kiln and method of operating same. Puimip DressuerR. U. S. 1,505,768, 
Aug. 19, 1924. The method of operating a tunnel kiln which consists in maintain- 
ing a high temp. zone, an initial 
» cooling zone and a slow cooling or 
ed low temp. soaking zone in the 
4. order stated between the entrance 
and exit ends of the kiln by ex- 
erting a cooling effect on the rapid cooling zone portion of the kiln and supplying heat 
to the kiln chamber in each of the other of said zones. 


Geology 
Chemical exchange reactions of a zeolite. C.J. FRANKFORTER AND F. W. JENSEN. 
Ind. Eng. Chem., 16, 621-4(1924); J. S. C. I., 43B, 652(1924). H. H.S. 


Kaolin (South Australia). ANon. So. Aust. Dept. Mines, Min. Rev., [39], 54-8 
(1924).—Rept. of the operations of a company (Kaolin, Ltd.) The raw mat. is a 
very soft argillaceous sandstone; anal. of several samples are given and the details of 
equipment and operation in the making of fire brick are described. The brick produced 
is burned at 1450°C, controlled by Seger cones and the product is a white siliceous 
brick, not very hard owing to absence of vitrification, but ringing well when struck. 
It is reptd. to be in favor among users. Some minor products from the plant are water- 
glass, ultramarine and kalsomine or cold water paint. oO. PF. BR. 2 


Asbestos industry (Russia). N.S. Mrixnererr. Trans. Inst. Econ. Min. and 
Petrog., Moscow, [7], 1924.—A treatise of 192 pp. in the Russian language of the de- 
velopment of the indus., the 1st of a series of publications under the heading ‘Russian 
Commercial Asbestos,’’ issued by the Inst. Oo. P. R. O. 

Kieselguhr (Transvaal). T. G. Trevor. So. African Jour. of Indus., 7, 458 
(1924).—Kieselguhr occurs in the Amsterdam Dist., E. Transvaal; in Griqualand West, 
and Gordonia, as a deposit in the beds of certain small fresh-water marshes. It has 
been worked only to a small extent, mainly for use in boiler-lining mat. 

O. P. R. O. 

Steatite (So. Africa). T.G. Trevor. So. African Jour. of Indus.,'7, 461(1924).— 
Steatite of excellent quality occurs in the Barberton District, and has been noted in 
other areas. oF. 

The feldspars of Russia. A. E. FersmMan. Matter on the Natural Productive 
Forces of Russia, Acad. Sci. Petrograd, 4, 1-19(1919); Rev. géol., 5, 178.—A detailed list 
of occurrences, with mineralogical and technical descriptions. The most valuable 
deposits are on the west coast of the White Sea and in the Urals. i. ee Sn 

The state of the talc industry in Russia. A. E. Fersman. Rept. Commiss. 
on Productive Forces of Russia, 1916, No. 4, 75-9; Rev. géol., 5, 178.—The most valuable 
talc deposits of Russia are in the Caucasus, in the region of Kars, and in the Urals. 

E. F. H. (C. A.) 
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Chemistry and Physics 


Measuring plasticity of clay. K. PFEFFERHORN. Brit. Clayworker, 33, 120 
(1924).—A new method for measg. the plasticity of clay has been devised by P., which 
consists in dropping a wt. on a clay cylinder 15/;,” x 19/5". The deformation of the 
clay cylinder is noted and the plasticity number detd. The per cent H,O in the clay 
cylinder which is compressed !/; of its original length is called the plasticity no. The 
foll. table shows the plasticity nos. and mineral compn. of 5 clays: 


Zettlitz 
Clay A Clay B Clay C kaolin Earthenware 
Clay substance 70.2 90 .6 87.9 94 .2 53 
Feldspar 3.7 2.0 1.8 12 
Quartz 26.1 6.4 8.7 4.0 33 
Plasticity number 26.6 34.0 28.0 33.5 23.2 
H. G. §. 
The distribution of impurities in clays. ANon. Brit. Clayworker, 33, 122(1924). 
H.G.S. 


New method of preparing thin sections from sand. A. MAMOoUROVSKY AND I. 
SAMSONOFF. Trans. Inst. Econ. Min. and Petrog., 5(1923).—The method here 
described solves the problem of molding sands into thin sections, thus enabling their 
investigation by means of the mineralogical microscope. The procedure, minutely 
described in the Russian text, enables to produce sand-sections possessing following 
qualities: 1. The Canada balsam used as cementing mass is an amorphous compd. 
with a constant refraction index. 2. The sections of mineral grains are shaped into 
parallel-faced plates with the usual thickness of about 0.03 mm. 3. The surface oc- 
cupied by the balsam is reduced to 10-12% of the square of the section. These prop- 
erties enable us to apply the highly elaborated and various methods of the mineralogic- 
petrog. research to the investigation of sands. O. P. R. O. 

Chemical analysis of clays. IAN MARSDEN Porter. Indus. Aust. and Min. 
Stand., 72, 38(1924).—An outline of a method for “ultimate’’ chem. anal. of a clay, 
which can easily be followed by any one accustomed to chem. manipulation. 

O. P. 

The effect of a current of air on the rate of evaporation of water below the boiling 
point. J. W. HincHLEy anp G. W. Hmmus. Chem. Trade Jour. and Chem. Eng., 75, 
94(1924).—It was found exptly. that the wt. of water evapd. in unit time in still air is 
given by the equation W = 0.02 (P. — Pa)'-*, where P. is the press. of satd. vapor 
at the given temp. and Pa is the press. of water vapor in the air used for drying. For 
drafts up to 0.9 m. per sec., and between 20° and 60°C, the rate of evapn. was found 
to be W = a(P. — Pa), where a varies from 0.031 to 0.013 according to the draft. 

P. W. K. 

Detection of tin and mercury by means of a spot-test. N. A. TANANAEFF. Z. 
anorg. Chem., 133, 372-4(1924); J. S. C. I., 43B, 619(1924).—Filter paper is soaked 
in mercuric chloride soln. and dried. A drop of soln. contg. stannous tin is placed on 
the paper and followed by a drop of aniline. Stannous tin is the only metal which will 
reduce mercuric salts to mercury, giving a black stain, in the presence of such a weak 
base as aniline. H. H. S. 

Pure alumina from clay.—According to a new process for this manuf. published 
by Pederson, Norwegian clay is taken and air-dried to 5% water; mixed with chamber 
acid (sulphuric acid) leaving an excess of clay over acid. After 12 hours the mass is 
htd. up to 200°C, and then leached at 80°C by a counter-current system. The strong 
liquor, on cooling, gives '/; of the alumina in the form of alum crystals, and the remaining 
alumina is pptd. in the same form by adding potassium sulphate. A pure salt can be 
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prepd. by recrystallizing this alum. The alum is decomposed by ht. so as to give alu- 
mina, and sulphate of potash, and, by extracting this mass with water, the insol. alumina 
is obtained, also the sulphate of potash, which latter is no doubt recovered and used 
again. P. O. 


Mullite—a silicate of Al,O;. Bowkn, GREIG AND J. Wash. Acad. Sci., 14, 
183(1924).—Mullite, often thought to be sillimanite, has very nearly same properties. 
Mullite synthesized by Deville using SiF, on Al,O; and SiO, at red ht. Occurs in nature 
as inclusions of tertiary intrusives of W. Isles on Island of Mull of Scotland, and Nun’s 

. Pass. These have as impurities Fe,O;, TiO. and alkalis. There is a 3rd source of 
occurrence being in crowns of glass pots. The refractive index increases as TiO, and 
Fe,O; content is raised approaching that of sillimanite. Analyses of rock and glass 
pot crystals are as follows 


Rock Glass pot 
SiO, 29.04 29.36 
Al,O; 69.62 69.05 
Fe,O; 0.50 0.86 
MgO 1.12 
K;0 0.18 0.10 
Na,O 0.06 
100.20 100.49 


Magnetic and electrical properties of the ternary alloys Fe-Si-C. T. D. YENSEN. 

Jour. Am. Inst. Elec. Eng., 43, 558-76(1924).—The variations in the magnetic proper- 

ties of iron and iron alloys, even of supposedly constant composition, have been puzzling 

to the users and investigators of ferro-magnetic mat. ever since the introduction of such 

mat. for elec. app. Y. started to investigate this problem over 10 yrs. ago at the U. 

of Ill., and has continued it at the Westinghouse Research Lab. since 1916, concéntrating 

on iron and iron-silicon alloys. While the results obtained do not eliminate 100% of 

the difficulties, they go a long way in that direction. It has been found that carbon 

is largely responsible for the variations, because of the fact that amts. so small as pre- 

viously to be regarded as traces (less than 0.01%) remain dissolved in the iron in the 

solid state, even after slow cooling, and have a tremendous influence on the magnetic 

properties. Of much less effect is carbon pptd. as pearlite, free cementite and graphite, 

the effect being in the order named. If the effect of dissolved carbon be represented 

by 100, the effect of carbon as pearlite is 16.5, of carbon as FesC 2.25, and of carbon 

as graphite nearly nil. The form assumed by carbon—aside from the carbon in soln.— 

depends largely on the silicon content, and can best be explained by referring to Fig. 9. 

Besides carbon, it has been found that the grain size has a large and definite influence 

on the magnetic properties, due to the accompanying intercrystalline amorphous ce- 

ment that may be regarded as an impurity similar to other intercrystalline impurities. 

“ The detrimental effect of sulphur, phosphorus and manganese on pure iron is in the 

order named, while phosphorus has a beneficial effect on high silicon alloys. The 

evidence obtained is to the effect that the increased reluctivity, coercive force, or hys- 

teresis loss, due to carbon and other impurities that are pptd. combined with iron— 

including in this class the intercrystalline cement—is caused by the inherent corre- 

sponding property of these pptd. impurities. Regarding the tremendous effect of carbon 

in soln., it is suggested that this is due to the entering of carbon into the more or less 

stable equilibrium arrangement of the ferro-magnetic structure, upsetting this equilib- 
rium arrangement. 2S. 


Range of the mixed-crystal phase rich in aluminium in the quaternary system 
aluminium—magnesium-silicon—-zinc. W. SANDER AND K. L. Metssner. Z. Metall- 
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kunde, 16, 12-7(1924); cf. C. A., 18, 1077.—The amts. of Zn, Mg, and Si which Al 
can hold in solid soln. increase from 8%, 2%, and 0.5%, resp., at 20° to 65%, 12%, 
and 0.8%, resp., at 450°; consequently all Al alloys contg. quantities of these elements 
between the above limits will deposit them partly on cooling slowly. If the cooling 
is rapid, this action is suppressed, but takes place slowly at the ordinary temp., and is 
accompanied by a gradual increase in vol., hardness, and tensile strength. The equil.- 
diagram of the quaternary system Al-Zn—Mg-Si is developed from a consideration of 
those of the 4 ternary systems involved. Bt. A. 60.4.) 
Constitution of ternary aluminium alloys. V. Fuss. Z. Metallkunde, 16, 24-5 
(1924).—In the 15 possible ternary systems comprising Al and 2 of the elements, Fe, 
Cu, Ni, Zn, Mg, and Si, the Al corner of the ternary diagram is intersected by a quasi- 
binary line only in the cases in which the addn. of the 2 elements to Al has a specifically 
new influence on its properties, namely, in the systems Al-Mg-—Si, Al-Mg-Zn, and 
Al-Mg-Cu. Al decomposes the silicides of Fe, Ni, and Cu, liberating free Si and forming 
intermetallic compds., and addn. of any of these elements or of Zn to Al results in the 
formation of these compds. 
The determination of the coefficient of expansion of metals and other materials of 
construction by means of the Marten mirror apparatus. H. SrecLerscumipT. Mitt. 
Materialpriifungsamt, 40, 215-33(1922): cf. C. A., 16, 4166.—The measurements were 
made in such a way that the errors reported in the previous article were avoided. The 
coeff. of expansion of hot-pressed, cold-drawn and cold-rolled specimens of brass contg. 
58% Cu, 2.5% Pb and the remainder Zn was measd. at temp. from 20° to 450°. The 
values found at 250-300° were always smaller when measd. during the heating than 
during the cooling of the specimen. Over the range 300-50° the reverse was true. 
Measurements of the coeff. of expansion for cast Al rods and hard-drawn Cu and bronze 
wire are also given. F. P. F. (C. A.) 
Researches at high temperatures. XVII. The vapor pressures of the alkaline 
earth metals. Orro RurrF AND HELLMUTH HARTMANN. Z. anorg. allgem. Chem., 133, 
29-45(1924).—The vapor pressures of Mg, Ca, Sr, and Ba were detd. in an atm. of A 
by an improvement of the method of Ruff and Bergdahl (C. A., 13, 3054). The b. p. 
at 760 mm. as detd. by extrapolation of the exptl. vapor-pressure curves are: Mg, 
1086°; Ca, 1175°; Sr, 1151°; and Ba, 1146°. The mol. heats of vaporization A, as 
calcd. (I) by Liempt’s formula, and (II) from the b. p. by de Forcrand’s formula are: 
Mg, (1) 43,500, (IT) 30,900 cal.; Ca, (I) 85,000, (II) 33,100 cal.; Sr, (I) 84,700, (IT) 
32,500 cal.; Ba, (I) 83,100, (II) 32,400 cal. The lower (II) values are considered to be 
more probable. The calcd. heats of vaporization at 0° abs. are: Mg, (I) 47,300, or 
(II) 34,600 cal.; Ca, (1) 90,500, or (II) 38,400 cal. In order that equil. in which these 
metals occur as a gaseous phase may be calcd. by the Nernst heat theorem, the chem. 
const., C = 0.14\3/Ts, was caled.: Mg, (I) 5.61, or (II) 3.18; Ca, (1) 8.34, or (II) 3.20; 
Sr, (I) 8.34, or (II) 3.19; Ba, (I) 8.21, or (II) 3.19. From Guldberg and Guye’s rela- 
tion, Tcrit. = 1.55 Ts, the crit. temps. are: Mg, 2100°; Ca, 2200°; Sr, 2175°; and Ba, 
2150°. These values are only approx. as this relation has not been confirmed for such 
high boiling substances. MgO volatilizes on amorphous C at about 1500°, and on 
graphite at about 1800°. Above 1800° the reaction is so active that with small pieces 
of MgO the Leidenfrost phenomenon occurs. Its volatility is therefor greater from 
the more reactive form of C. That this is due to the reduction of MgO to Mg by the 
C at a relatively low temp., and to the relatively high vapor pressure of Mg, is sub- 
stantiated by calcn. from the above data. R. Hi. 1. (C. A.) 
The melting point of graphite. Anon. Nature, 114, 173(1924).—Expts. to det. 
the m. p. of graphite have been made by Ryschkewitsch and consisted in passing a heavy 
current through a graphite rod with constriction. At a certain temp. this constricted 
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portion suddenly disappears, and kinematography shows that this is not due to a gradual 
evapn. The temp. was also practically independent of press. Calen. shows that the 
m. p. of graphite is about 3800° abs. Chem. Zeit. (July 15) gives an abstract of this 
paper on the m. p. of graphite, which was read at the Bunsen Gesellschaft at Géttingen 
in May. FP. 

Alumina from clay. H.Speckerer. Zeits. fiir Phys. Chem., 110, 637—55(1924).— 
Shows that Germany will be able to supply its own aluminum ore in the future, as a 
result of recent work. The HCl process is preferable to the H,SO, process. 


S. 
BOOK 
Report on Radiation and the Quantum Theory. J. H. Jeans. 2d. Ed. Pp. 86. 
London: Fieetway Press, Ltd. Price 7 s. 6 d. H. H. S. 
PATENTS 


China clay for pottery manufacture. T. M. Srocker. Brit. 214,062, March 17, 
1923. A suspension is formed of china clay in H:,0 contg. a small proportion of Na 
silicate. The suspension is allowed to stand until 50-80% of the clay has settled out 
and the fine clay remaining in suspension is collected by use of a filter-pre~s and may 
be washed and dried. 

Method of preparing siliceous material. Francis X. Govers. U. S. 1,506,118, 

Aug. 26, 1924. The method of prepg. silicic acid which comprises preparing a colloidal 
soln. of silicic acid and removing water therefrom before a “‘gel’’ has formed, the re- 
moval of water being carried to the extent that the solid product will not form a solid 
” in the presence of water. 
Process for production of aluminum chloride and other products from carbonaceous 
shales and like material. Epson R. Woicorr. U.S. 1,506,104, Aug. 26, 1924. The 
process of making aluminum chloride comprising reacting with chlorine upon a residue 
derived from heating a carbonaceous argillaceous mineral, said residue comprising 
aluminous material and carbon. 

Titanium compound. JosEPH BLUMENFELD. U. S. 1,504,669, Aug. 12, 1924. 
In the process of producing titanium oxide from mat. contg. titanium, the steps of 
mixing the said mat. with sulphuric acid, heating the mixt. initially to a temp. of at 
least 130°C and gradually increasing the temp. toa max. of 220°C, treating the re- 
sulting mat. with water in such propns. as to produce a soln. contg. about 15 to 25% 
of TiO., and subjecting that soln. to hydrolysis while avoiding the presence of any sub- 
stantial amt. of ferric iron therein. 

Titanium compound. JosEPH BLUMENFELD. U. S. 1,504,670, Aug. 12, 1924. 
In the process of producing cryst. titanyl sulphate from mat. contg. titanium, the steps 
of mixing the said mat. with sulphuric acid, htg. the mixt. initially to a temp. of at 
least 130°C and gradually increasing the temp. to a max. of 220°C. 

Titanium compound. JosEPH BLUMENFELD. U. S. 1,504,671, Aug. 12, 1924. 
A process of producing titanium oxide from titaniferous mineral consisting in decom- 
posing the mineral with not substantially more than 1 to 2 parts of sulphuric acid of 
about 80% strength, and treating the resulting mass with not substantially over 3 parts 
of water, while maintaining the mass at an approx. constant temp. near to the b.«p. 
of the liquid until the titanium oxide is pptd., while any iron compound in the soln. is 
maintained in the ferrous state, and sepg. the oxide from the mother liquor and residue, 
substantially as described. 

Preparation of titanium hydroxide. JosEPpH BLUMENFELD. U. S. 1,504,672, 
Aug. 12, 1924. The prepn. of titanium oxide or hydroxide by hydrolytic precipitation 
which comprises diffusing titanium from one soln. into another under the action of 
differential concn. and temp., and allowing the diffusion action to continue for several 
minutes before mixing the soln. 
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Method of preparing siliceous material. Francis X. Govers. U. S. 1,504,549, 
Aug. 12, 1924. The method of prepg. silicic acid, which comprises forming a jelly- 
like mass of colloidal silicic acid, drying the mass with the impurities therein until it 
will no longer revert to its prior gelatinous colloidal form in the presence of water, 
washing the dried material and again drying it. 

Process for manufacturing oxide of white antimony. ANTONIN 
Germor. U.S. 1,504,685, Aug. 12,1924. A process for making pure 
Sb.O; suitable for the manuf. of paints and free from higher oxides, 
comprising blowing an oxygen contg. gas into a bath of molten 
antimony which is held in a closed chamber, and collecting the thus 
formed clouds of oxide of antimony in receiving chambers. 

Purifying china clay. L. A. Ho_pEN. Brit. 214,699, Jan. 19, 1923. To remove 
brown coloration from china clay it is suspended in a soln. of Na sulfide or other alk. 
sulfide and dil. H-SO, is then added until the mixt. is nearly neutral. After 5 or 6 hrs. 
more H2SO, is added to dissolve out the FeS formed and ppt. the clay, which is then 
repeatedly washed with H.O. The last washing may contain sufficient Ca(OH). to 
neutralize acidity. 


General 


Physical properties of materials. I. Strengths and related properties of metals 
and wood. Bureau of Standards, Circular No. 101.—The circ. represents a compilation 
of the most probable values, from a testing engineer’s viewpoint, for the tensile, com- 
pressive, and shearing strength; ductility; modulus of elasticity; and other related 
properties of pure metals and their alloys, and of wood. In addn. to these, and when- 
ever the existing data warranted, the circular gives the properties of metals at elevated 
temps. and their fatigue and impact properties. Values for other phys. props. include 
those for sp. gr., m. p., and the coeff. of expansion. Properties and uses of less com- 
monly used metals are described briefly. Graphical representation is used in many 
cases to show the effect of ht. treatment, temp., and other conditions on the properties 
of a mat. References to the sources are given for all values in the circular. These 
include the exptl. results published in Amer. and European tech. periodicals, the specif. 
of tech. societies and of Govt. departments and unpublished results of the Bur. of Stand. 

H. F. S. 

Researches on the theory of fine grinding. Grorrrey Martin, Cuas. E. BLYTH 
AND Toncug. Trans. Ceram. Soc. (Eng.), 23, 61—120(1923-4).—The research 
was carried out in the lab. of the Brit. Port. Cement Assn. with the financial assis- 
tance of the Privy Council for Financial and Indus. Research. The work was part of a 
program extending over 2'/, yrs. The raw mat. was crushed sand and the grinding ma- 
chine was an 18” x 18” exptl. tube mill. The treatment of the data is highly mathematical. 
Briefly stated, it was found that the growth of the number of particles with decrease of 
diam. follows the law by which money grows at compd. interest. The law is probably 
the expression of the fact that crystals have a definite and fixed structure and consequently 
break up in the same regular and definite manner all down the scale of magnitude. 
Thus each set of particles breaks down in the same way so that the product (number 
of particles) produced by the breaking down of a small particle is, if sufficiently magni- 
fied, merely an image of the product produced by the breaking down of a large particle. 
Thus if sand of mean diam. d breaks down to give 2 particles of mean diam. d then each 
particle of d will break down to give 2 particles of an equidistant mean diam. d, and each 
particle of diam. d, will in turn break down to give 2 particles of an equidistant mean 
diam. d;, etc. H. F. S. 

Rotary steam boiler. WINTERMEYER. Feuerungstech., 12 [15], 127; [16], 137 
(1924).—Describes the ‘‘atmos”’ superpress. boiler operg. under a press. of from 750- 
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900 Ibs. per sq. in. which shows remarkable efficiency in opern. The shell is a seamless 
or welded tube rotating on its axis at about 300 r.p.m. which ensures absolutely uniform 
htg. throughout and obviates dangers arising from unequal expansion and contraction 
of the parts. The feed water is introduced in the center of one end and the steam taken 
off at the center of the opposite end. Another type has a stationary shell with internal 
horizontal paddles which in rotating carry the water around the circumference of the 
shell. Sketches show in detail methods used for automatically keeping the water level 
constant and an arrangement of safety check valves which instantly seal the in- and outlet 
in the event of the shell exploding. One of these boilers has been operating in a sugar 
refinery in Sweden for 2 yrs. with marked success. F. A. W. 
Natural steam wells in Larderello. Oxrassa. Feuerungstech., 12 [18], 149; 
[19], 157(1924).—Describes the harnessing of these natural steam wells in Italy for 
elec. power and light purposes. F. A. W. 
Annual report of H. M., Chief Inspector of Factories and Workshops for the year 
1923. Jour. Soc. Chem. Ind., 43, 771-3(1924).—Lead poisoning. In 1923 there were 
11 deaths in potteries, and 5 not fatal cases in vitreous enameling shops. Manganese 
poisoning. ‘The first definite cases of manganese poisoning in England are recorded 
this year. Natural lighting of factories. A new method of giving a good daylight 
illumination toward the cente: of wide buildings depends on refraction. The light is 
thrown horizontally across the room, no matter in what direction it falls on the outside 
of the windows, by means of “prismatic glass,” the surface of which is ridged vertically 
at angles of 30° or 45° or 60°. 
The making and burning of glazed ware. Anon. Brit. Clayworker, 33, 98-9 
(1924).—The prepn. of glazes for whiteware, hard glazes, soft glazes and colorless glazes 
on white bodies are described. H. G. S. 
International conference, applied mechanics. Jour. Soc. Chem. Ind.—The first 
International Conference of Applied Mechanics was held at Delft, Holland, April 22. 
The sections were elasticity, mathematics, and hydro-dynamics. Among other papers 
Griffith illusd. his theory of rupture by expts. on vitreous silica fibres; Prandtl treated 
of problems arising from plastic deformation; Haigh studied rupture through fatigue 
from the standpoint of thermodynamics. The next conference will be at Zurich, 
Switzerland, in 1926. H. H. S. 
Unfair competition. Jour. Soc. Chem. Ind., 43, 767(1924).—The federation of 
Brit. Indus. has set up a Comm. to consider the subject and to draw up recommenda- 
tions to the Govt. with a view to consideration by Experts of the Economic Comm. of 
the League of Nations at Geneva in reference to the revised text of draft Articles of 
Convention on Unfair Competition. H. H. S&S. 
Manufacture of ceramic wares (Union of So. Africa). JouNn Apams. So. Af. 
Jour. Indus., 1, 763-75(1918).—The subject ably discussed under the foll. headings: 
classification; principles of manuf.; historical sketch; present time, bricks, floor tiles 
and roofing tiles; fire clay, stoneware and silica goods; general earthenware and glazed 
tiling; future development. The article concludes with a bibliography. O. P. R. O. 
Building materials (British Columbia). ANon. Rept. of the Minister of Mines, 
(1923).—Total output of structural mat. amtd. to $2,809,292—mostly from the Coast 
District. Excellent building-stone is found in abundance all over the Province and 
there are several well-equipped quarries along the coast; production of 1923. The sale 
of red brick in 1923 about 7800 M;; the price varying from $12 to $16.a thousand. There 
is but one company producing fire brick at Clayburn. The manuf. of lime is small, 
but an increased demand for crushed rock and gravel. © P. R. 0. 
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Ti EFFECT OF SOUTHERN KAOLINS 
ON THE LIFE OF SAGGERS 


During the past two years there has been ever increasing demand for high 
aluminous clays for use in the manufacture of high grade refractories. There 
is a very good reason for this condition. Several of the leading manufacturers 
of fire brick have found after extensive factory tests that refractory brick 
made from the kaolins of South Carolina and Georgia are a much higher grade 
of brick than those made from the ordinary mixtures. 


Surely one should expect to get the same excellent results when these 
kaolins are used in saggers, but this has not always been the experience of 
potters. This is due to the fact that the fire brick are fired to cone 14 to 16 
while the average sagger is burned at cone 7 to 12. 


It must be remembered that nearly all kaolins from South Carolina and 
Georgia have a very low mechanical strength at cone 7 to 12, and continue to 
shrink on refiring with resulting inferior product when compared with the 
results obtained by fire brick manufacturers from these clays. 


“Dixie” sagger clay is a vastly different type of kaolin. It is a high grade 
refractory kaolin fusing at cone 35, having an alumina content of 38.51 %, 
a low free silica content, and a low content of iron. It differs from all other 
kaolins in that it has a very high mechanical strength at cone 7 to 12; reaches 
its maximum shrinkage at about cone ||, and does not shrink again on refiring 
with the result that it greatly increases the life of saggers. 


“Dixie’’ sagger clay is shipped from a pile, most of which has been weathered 
from two to five years. This insures the highest possible plasticity and work- 
ing qualities in the clay state. 


“Dixie” sagger clay is not just a top clay, thrown out because it is badly 
stained with iron, but it is selected from all parts of our large clay deposit. 
We can ship you a top clay from our mines in Georgia or South Carolina at - 
a less price and one comparable with the best Southern sagger clays on the mar- 
ket, but we do not recommend their use because they are too high in iron, silica § 
and other impurities; also they do not have sufficient mechanical strength at 
low temperatures, and shrink on refiring. 


A commercial test of “DIXIE SAGGER CLAY” will show the above 
facts to be true. 


R. T. VANDERBILT COMPANY 
50 East 42nd Street, New York, N. Y. 


(When writing to advertisers, please mention the JOURNAL) 
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EDITORIAL 
YOUTH MAY SERVE 


Seymour Parker Gilbert, Jr., the thirty-two year old fiscal genius, was 
recently appointed Agent-General for Reparations. Alexander Hamilton 
retired as Secretary of the Treasury at the age of thirty-eight. Two 
remarkable men, these, and not at all representative of the average. 
These and the many other well-known young men of large affairs who have 
won recognition not by wealth, family or fate but by might of personality, 
mental resourcefulness and hard work prove that age is not the deter- 
mining factor in professional preferment. Youth need not hesitate. 
Youth may obtain a commanding position by qualifying as one capable 
of rendering service. 

Gilbert has been made Agent-General for Reparations because he 
can deal with men straight and convincingly; because he can see and 
evaluate clearly both the causes and their effects; because he knows 
how and where to obtain information and also (and this is the point we 
wish to emphasize) because he worked many unscheduled hours alone. 

Eight hours a day has not been Gilbert’s schedule for work nor has it 
been for any other successful young man. No man has earned recognition 
and a place in affairs by mere possession of talents. Success is attained 
by continuous systematic work. 

Many of our college graduates devote too little time outside of their 
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scheduled factory hours in a searching study of the science in which 
they wish to gain recognition as experts. To too many the “burning of 
midnight oil’’ for self-advancement in their chosen profession is not a habit 
nor a practice. 

Social intercourse and an interest in community affairs is excellent mental 
recreation and a means of developing personality and ability to deal with 
men broadly but to devote eight of every twenty-four hours to such ac- 
tivities is not leaving enough time for self-advancement in one’s chosen pro- 
fession. 

Eight of each of the twenty-four hours belong to the employer. ‘To 
whom do the other sixteen belong? Our physical being requires eight 
of these for rest and refreshment. What portion of the other eight shall 
be used for self-betterment in the profession in which a livelihood is to be 
earned? 

The college graduate has a greater need and should feel a larger urge to 
“burn midnight oil’’ in study than any other industrial worker for in no 
other wise can he qualify for a foremost professional ranking, and in no 
other wise can he meet the expectation of either his employer and industrial 
associates or of himself and family. 

Young men will have large industrial opportunities and responsibilities 
if they qualify and no young man can qualify except by proper use of the 
eight hours which are his each day. Industrial preferment and the re- 
muneration and pleasure which follow can be secured in no other wise. 

The prime purpose of the AMERICAN CERAMIC SOCIETY is to encourage 
and to plan for the most profitable use of that third of each one’s time 
which is his in which to make himself better qualified as a ceramic worker. 
This opportunity rapidly decreases as age advances. It belongs to youth. 


a. 
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COMPARATIVE SERVICE TESTS OF GROSS ALMERODE AND 
DOMESTIC CLAY POTS! 
By WarREN S. WILLIAMS 


ABSTRACT 
Glass-drawing pots made from Gross Almerode clay proved to be superior in a 
service test to pots made from a synthetic siliceous domestic clay mixture. When 
removed from service the faces of the Gross Almerode pots are pitted. The faces of 
domestic clay pots are surface cracked. The blistering of the glass caused by this 
cracking is eliminated by substituting silica brick grog for fire clay grog. 


Introduction 


Clay from the Gross Almerode mines of Germany has been used by glass 
refractories manufacturers for years. In fact, before the war, many 
manufacturers in America used this imported clay exclusively. During 
the war, they were forced to substitute domestic clays and some mant- 
facturers have returned again to its use after the war. The characteristics 
and working qualities of this clay are of considerable interest to the industry 
because of its wide application in glass refractories manufacture. 

Gross Almerode clay is now received in casks weighing approximately 
1000 pounds. It is light gray in color and has been washed and is re- 
ceived in nut size lumps. These break up easily in a dry pan into a very 
fine dust. When mixed with water it is sticky, but not tough nor very 
plastic to the feel of the hand. This sticky quality gives the clay a ready 
bond without much danger from laminations while molding it into pots. 

For pot making, the clay is mixed with 60% of grog which permits the 
pots to be dried rapidly and safely. Drying conditions must, indeed, be 
very severe to disrupt the bond of this open porous clay. In the dried 
state, the pot batch, using 40% raw clay and 60% of grog, is comparatively 
weak. The dry modulus of rupture of this mixture is given in Table I. 


TABLE I 
Modulus of Rupture 
Dry Burned 
German Mix... 134 654 
Synthetic Mix.... ; . 223 825 
SCREEN ANALYSIS OF GROG USED IN GERMAN MIX 
Mesh Per cent 
Retained on... 26 
Retained on.. 40 24 
Retained on........ . 60 12 
Retained on...... i . 80 2 


1 Presented at the Atlantic City Meeting, February, 1924 (Glass Division). 
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It is sufficiently strong to permit lifting the pots shown in this Journal! 
by the lugs. When burnt to cone 3, the pots are a light buff color and 
are strong enough to bear their own weight, plus the weight of the glass, 
when suspended by their lugs. 

The test bars for the burnt modulus given in Table I were burned in the 
same pot arches as the pots themselves, taking about seven days to reach 
cone 3. Both dry and burnt modulus are the average of over 150 bars 
made at differing times and burnt in several different pot arches. The 
screen analysis of the grog used in these test bars is also presented. 

The chemical analysis and physical properties of the German clay now 
being received correspond closely with that given by Bleininger.? 

Various attempts have been made to duplicate the service obtained 
from glass-drawing pots made of German clay by substituting synthetic 
domestic clay mixtures. One of these mixtures was obtained from a large 
glass refractories manufacturer, pugged, aged and ready to use. Judging 
by appearance, the grog size was apparently the same as that used in the 
German clay batches with which they were compared. The transverse 
strength, as given in Table I, is stronger than the Gross Almerode and the 
synthetic mixture, also, proved to be superior in the quenching test. The 
porosity-volume shrinkage curve closely approximates the foreign clay. 
The residue left on a 100-mesh screen after washing, plainly shows the 
addition of fine sand to increase the silica content. 

The method employed in comparing pots made from the synthetic mix 
with the German clay pots was to set them in the same pot arch at the same 
time. Nine pots are set in an arch, four of which were synthetic, sand- 
wiched alternately between five German. By this setting, the pots were 
burned to the same temperature, used at the same tank during the same 
period, and under like conditions. A fair comparison is thus obtained. 
Eleven pot arches were set in this manner with the following results: 


48—Pots of synthetic clay served 607 days; average 12.6 days. 
54—Pots of German clay served 1058 days; average 19.6 days. 


Chemical analyses of both clay mixes burned, follow: 


Burnt Burnt 

German synthetic 


1W.S. Williams, Jour. Amer. Ceram. Soc., 6 [11], 1148 (1923). 
2 Bur. Stand., Tech. Paper 144. 


1 
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The free silica in the German clay has been identified by an experienced 
petrographer to be very fine grained quartz. This quartz requires elutria- 
tion to separate it from the clay substance. 

The characteristic difference in the appearance of the German pots 
and those made of various domestic clays, after they are removed from 
service, is the absence of ‘‘turtle-back’’ cracking in the bottom of the Ger- 
man clay pots. This is apparently due to the more soluble nature of the 
foreign clay. The glass seemingly dissolves the surface of the pot at 
approximately the same rate at which the fine cracks are formed. The 
outside surface of the pot, not in contact with the glass, exhibits the “‘turtle- 
back” cracking in like manner to the domestic pots. 

After a week’s service, the German pots exhibit a uniformly pitted sur- 
face like small-pox marks. If the slope from the tops to the bottoms of 
the pits is gradual, the pits do not affect the cylinder of glass. If the slope 
is abrupt, air is entrapped in the pit while draining the pot. The expan- 
sion of this air, when glass is again ladled into the pot, forms blisters or 
seeds in the glass. This blistering effect in the domestic clay pots, due to 
entrapped air in the “‘turtle-back”’ cracks, was the cause of removing from 
service over 90% of all domestic clay pots. 


GLENDALE, CALIF. 


Discussion 


W.S. Wituiams: Actual service tests over a long period of years have 
demonstrated the superiority of the refractories made by the Pittsburgh 
Plate Glass Company in many branches of the glass industry. Its applica- 
tion in the service herein described is restricted to only one service in one 
branch of the industry. The fact that it failed herein seems to prove its 
superiority over the German clay, for other glass refractories prevent 
blistering from the ‘‘turtle-back’’ cracks. This resistance to corrosion 
without stones would be strongly in favor of the synthetic batch in other 
applications such as tank block, plate glass and flint glass pots, rings, boots, 
floaters, etc. 

C. E. Futton: I believe the pots referred to by Mr. Williams are the 
reversible pots used in the American Window Glass cylinder process. It is 
possible that the so-called synthetic mixture is used in making pots for 
melting plate glass. If so, it is a combination of domestic clays which 
for plate glass purposes gives better results than German clay batches. 
However, the grinding is considerably finer than that given in the paper 
for the German clay pots. In fact with the domestic batch there would be 
practically no residue on the 10-mesh screen so that the difference in results 
would not be due entirely to the use of German clay. 

Mr. PayNE: In other words you would not say that the domestic pots 
were better than the others? 
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C. E. Futton: He shows that the German clay pots gave better results 
in this particular test, but the point which I want to bring out is that the 
comparison is unfair to the domestic clays in that the chief defect of the 
domestic pots was cracking which in a large part could be attributed to the 
fineness of grinding. 

Mr. PAyNE: Of course, during the war we used very little German 
clay and I guess this was the case with the paint manufacturers. After 
the war some used it and some did not; some advertised that they were 
again using German clay and some advertised that they did not and would 
not again use it. Are there any tank block manufacturers here who would 
care to say that they are using the German clay? 

Mr. AvRIEN: I recall that our company probably 18 or 20 years ago 
imported German pot clay. Why it was ever discontinued I do not know 
but I do know that in the past 16 or 18 years we have not used any German 
pot clay. I know it was the contention at one time that one had to have 
German pot clay to make a block good, but I guess this theory has been 
disproved. 

Mr. BROWNLEE: We are now using German pot clay. 

Mr. MONTGOMERY: We do not use any German pot clay in the pot 
used in the manufacture of optical glass. 

Mr. Dixon: A number of years ago I was in the pot business and we 
had quite an experience with these various clays. We were in the business 
when Missouri clay was first discovered and brought into use for making 
pots. In those days we had to depend entirely upon German or English 
Stonebridge clays. The pots made of that clay answered the purpose ad- 
mirably during the time of the use of such crude furnaces. The furnaces 
then were most all of the same character as bucket furnaces, not hot 
running gas furnaces such as we employ today. 

I remember very well at that time we had a standing order from the 
Corning Glass Co. for 100 pots to be kept on hand all the time and also 
from the Old Meriden Glass Co. of Meriden, Conn. and from the New 
Bedford Glass Co. They all made a very rich lead glass. The pots were 
designed especially for this glass. When the Missouri and other domestic 
clays came into use we attempted to use them for this purpose but we could 
not make them stand the erosion from that rich lead glass. The German 
clay pots would stand it and the domestic clay pots would not without caus- 
ing stones. The pots had to be made of a special mixture. German clay 
was used almost exclusively. Now, as time went on they improved 
the furnaces. Instead of making 2 or 2'/, melts a week they got to making 
3 and 3'/, and 4 and 4'/s, and the pots made of either Stonebridge or Ger- 
man clay would not stand it. They would melt down or bridge out of 
shape. We had to overcome that result by finding some material that was 
more refractory to mix withit. The Missouri pot clay met this requirement. 
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Now the proper mixture of these met the two conditions; it stood the in- 
tense heat of the furnace and the pots stood up well, and the mixture of the 
German clay made them wear better. Invariably if we would leave the 
German clay out for any reason the pots would not wear as well, and if we 
would leave out the Missouri clay the pots would not stand up. 

Then we came along to the time when we were making a certain grade of 
lime glass, running intensely hot furnaces, building very large pots that 
held from 3600 to 4000 pounds to be melted in 24 hours. The pots had to 
stand severe service. These pots were made entirely of Missouri and other 
domestic clays; no German pot clay in them. 

That was a development of our experience in making pots to meet those 
various conditions. When tank blocks came into use in this country 
naturally the block manufacturers followed the same practice. They had 
to make a block that would stand the erosion of the alkalis used in glass 
and they had to make a block that would stand the heat. They mixed 
the two clays together. Some have not done so, and strange to say the suc- 
cess of all of them has been about equal. I could not say today whose 
blocks are best. We use them all. I do not think anybody else can be- 
cause the furnaces and operating conditions vary so much. 

Mr. WILLIAMS: As I remember A. V. Bleininger attempted to find the 
actual properties of the German clay which made it so desirable and then 
tried to reproduce those properties with American clay. As I recall the 
result obtained was quite similar. He blended several American clays 
rather than using any single clay and not wholly those which are commonly 
known as fire clays. He used kaolins and ball clays in part substitution 
for the Missouri and Pennsylvania fire clays. As nearly as we could see 
the life or tendency to corrode in the pots was improved. 

I can speak more positively regarding the optical glass melting. We 
could not use an ordinary fire clay pot from the standpoint of color alone 
but from the standpoint of corrosion. We found with the heavy lead and 
the 30% barium glasses which were exceedingly corrosive that just one 
melt alone would go through fire clay pots. The pots made with kaolins 
and ball clays could be reused. 


WHAT HAS BEEN THE EXPERIENCE IN SUBSTITUTING 
DOMESTIC SECONDARY AND PRIMARY KAOLINS 
FOR ENGLISH CHINA CLAYS?! 

By Karu LAWGENBECK 


ABSTR/ CT 
The duty of the U. S. Tariff Commission with respect to ascertaining if the rates 
of import on foreign clays are bringing about freedom of commercial competition in 
domestic clay. 


' Presented at Atlantic City Meeting, Feb., 1924 (Whitewares Division). 
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Two instances, in the manufacture of electrical porcelain, were brought out, in 
which the consumers buy foreign or domestic china and ball clays, in which competition 
is free. That is to say, experience with competitive clays is sufficiently complete to 
enable all purchases to be made on the basis of price, f.o.b. factory. 

The factor of uniformity in deliveries, brought out indictment of domestic china 
clays and English ball clays, as irregular in quality. 

The inadequacy of analytical and experimental methods and practices, in failing 
to give comparable data, as between clays similar in kind, was charged by all producers. 
No defense to the charge was made by any ceramist present. 

The claimants of the electrical porcelain industry, of experience enabling them to 
substitute competitive clays for each other, gave no information on the character and 
limits of their tests. 

As there was manifest lack of progress in the testing of clays, that would lead to 
safe subsitution, the failure of free competition between foreign and domestic produc- 
tion does not lie in the economic field. It must be charged to the ceramic profession as 


a whole. 


Introduction 


I may mention in instigating inquiry on substi- 
tuting domestic secondary and primary kaolins 
for English china clays, that I have been con- 
nected with the United States Tariff Commission for the past two years, 
organizing what was known as Schedule 2, which relates to the non-metallic 
minerals, cements, pottery and glass, and the raw materials which go into 
them. 

Under the present Tariff Act, which is distinguished from previous ones, 
you may have heard that it embodies flexible provisions, so called. The 
idea is that in the hurly-burly of constructing a new Tariff Act, it has been 
the experience of Congress that they get from the parties that are vitally 
interested, information on the subject, and often very pertinent information 
does not reach them from the public at large or from those concerns that 
are not strong enough to send representatives to Congress. In the vast 
amount of business which a Congress always has to enact, there is scarcely 
time to thresh out questions thoroughly. And then statistics and informa- 
tion which are brought to Congress, while undoubtedly honestly given, 
naturally have a human bias. 

Therefore, Congress, in passing the present Tariff Act, envisaged this 
provision entirely aside from party considerations. 

We know, of course, in a general way that the strength of the Demo- 
cratic Party lay in its traditions from the old division of the country, 
and that the South, where the strength of the Democratic Party has con- 
tinued, was in the early days, interested in producing raw materials. 
The Republican Party in the North was interested in developing its eco- 
nomic system which was to endeavor to make the country self-contained 
and bring up manufacturers so that there would be employment for all 
types of labor and for all aptitudes and interests of the human mind, 


What the Tariff 
Commission Is 


PAPERS AND DISCUSSIONS 419 


Now the country has become more homogeneous. Manufacturers 
are increasing by leaps and bounds in the stronghold of the Democratic 
Party, and I think it is the general feeling of the two parties that if they 
can, in fact, if not in theory, come together on one idea, it is this. The 
conditions of American living are such that we have higher standards than 
they are accustomed to in Europe. We have better working conditions 
and better hours, and no matter how anxious the management of a factory 
may be to make both ends meet—and its constant problem is the high cost 
of labor—yet there is the feeling with the manufacturer who is hard pinched, 
that we do not want to lower the standard of living for all classes in the 
country because the workmen of the country are large buyers and these 
things interact, and if we reduce the prosperity of the workman, we re- 
duce his buying power. 

Both parties, therefore, are really agreed that the standard of living of 
the country must be maintained. That being the case, the expedient of 
a protective tariff, is favored by all parties. 

However, the question arises—as there always are qualitative con- 
siderations and quantitative ones—‘‘How much?” And Congress has 
therefore said, “‘We may not have fixed in the last Tariff Act the right 
duties. We have not had the facts before us. We may have exercised 
poor judgment. We may have been carried off our feet by plausible 
gentlemen who have known how to work us for high protective duty. We 
want to know.” 

We, therefore, give the President the power to alter these rates of duty 
to the extent of 50%, either up or down, on the application of any citizen 
of the country, whether he be a consumer, a producer or an importer. 
It is immaterial. They are all citizens of the United States and they are 
entitled to question. It is then the duty of the Tariff Commission to 
find out what is the actual cost of production and whether the tariff rates 
equalize these costs of production, and make their recommendations in 
accordance with that to the President. The President is then empowered 
to raise or lower the rates. 

You can understand from that that the Tariff Commission has large 
responsibilities, and it also has mandatory powers to ask the most searching 
questions of the individual manufacturers. 

The idea is not to get the cost of production of an extremely well- 
organized factory which is financially strong and which can get the best con- 
ditions of equipment and labor and that sort of thing, and base the costs 
of production upon such data of a few outstanding factories. But it 
is to protect, in industry, the man who is less strong, who has struggled 
along for years, who has had hard work in meeting his payroll, who cannot 
take advantage of modern appliances and technical help. He is also an 
American producer and he is entitled to consideration. 
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Therefore, we have to get these costs of production as widely as possible 
from individuals because that is the only place to get them. What we 
ask is very searching and we give the manufacturers individually the as- 
surance that whatever they send us is absolutely inviolate. We also give 
the same assurance to the importer in order to get the costs of production 
by the foreign producer. 

If the results justify a revision of the Tariff, only the average is used. 
In other words, what we have to find out are the costs of production in the 
industry, not of the individual. The average of the industry can, of 
course, only be obtained from the information of the individuals. Noth- 
ing is given to the public. The public is not even informed whether any 
inquiry is made until the Tariff Commission decides that the question 
is subject to inquiry, and after an application has been made to inquire into 
the subject. Then, in many cases, it is turned down as being inadequate. 

But if there is cause, and anything is published it is only this average rep- 
resenting the industry which is published. Even then nothing is done 
arbitrarily, because public notice is given that there will be a public hear- 
ing. There may be economic questions enter into the question that we ex- 
perts have not been able to ferret out or get the true light on. We have 
a court room and thirty days’ notice is given, and both sides, the foreign 
producer and his representative, or the importer and producer in this coun- 
try, can meet face to face and thresh the matter out before the six Tariff 
Commissioners who sit in the tribunal as the judges. 

I think it important that you should know what this coérdinate branch 
of the government is and what its purposes are. If inquiries about any 
of your commodities should come to your firm, your office may not know 
what it is for, and you should have direct information by word of mouth 
as to what the duties of the Tariff Commission are. You can have all 
confidence that whatever is asked will be for purposes of the Com- 
mission only, and will be held inviolate. 

It is our business to get just as much information as we can on all of the 
commodities in our schedule. We send out to get information even if 
there is no question at all from any party about the particular com- 
modity. 


Inquiries on Ceramic Materials 


We have had to make inquiries about cement, about common brick, 
about china clays and ball clays, about the various kinds of manufac- 
tures of clay wares and the various manufactures of glass, going even 
to fine microscopes and telescopes, because they are also in the schedule. 

I do not want you to think that I have an encyclopedic mind, but we 
have to accomplish these things with the aid of our assistants as well as 


we Can. 
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As something of importance and interest to the Ceramic Division, 
I sent in a question about china clays. If somebody had questioned it, 
I would not tell you for I have no right to do so. I am just getting 
general information, and I thought this would be a great opportunity. 
The importers of clay would meet here face to face, the producers of our 
domestic clays would be here, and the technical men who have had ex- 
perience with one or the other, or both, and you could give candid ex- 
pression to your views in the face of all interested parties. 

You may remember that with the entry of the country into the Great 
War, the question of keeping open the ocean lanes was a very serious one, 
indeed. One of the questions that was put to the Bureau of Standards 
was: Are we going to be able to get English china clay, this product which 
has become standard for the United States, at least standard as a reference 
material and a material of use in fine products? Is the production of the 
country going to be injured during the war period by the cutting off by 
German submarines or what-not or the demand for more remunerative 
shipping, from the flow of the English china clay which has come to this 
country for so many years and in such a large tonnage? 

The Bureau of Standards worked on this problem of the use of domestic 
clays in substitution for the English china clays so that indeed the pottery 
manufacturer, as well as the paper maker, would have something to turn 
to. 

A. V. Bleininger was particularly engaged in the interests of that work 
among his other duties, and he reasoned that there are residuary kaolins 
occurring in our country in the mountainous regions of the Alleghenies 
which have been exploited to a material extent in western North Carolina. 
They exist north of there up toward the Potomac, and even further than 
that, where the mountains have disappeared in Delaware, through spots 
in Maryland and so on. 

There are also the great clay deposits in the coastal region of the South, 
in South Carolina and in Georgia. These are the secondary kaolins, so 
called, because while they originated as residuary kaolins first, in the moun- 
tainous regions, they were carried down by streams and deposited possibly 
in lakes and swamps of the seacoasts of an older geological period. 

As you know, this moving of a clay by a water body has resulted, 
through hydrolysis, in making a material that is a white material where 
it was fortuitously saved from admixture with surface soils in making a 
material that is more plastic, the plasticity being often astonishingly large, 
as in the case of those moved as far as the lakes and swamps in northern 
Florida. 

Then Mr. Bleininger envisaged the fact that with the non-plastic 
residuary clays that we have in the mountain regions, and with the great 
manipulation that the sedimentary clays received in the Coastal Plain, 
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we have two products that differ from the English china clays in this, that 
while the English china clays are residuary clays, they have apparently 
been subjected to hydrolysis, not to the extent of our southeastern kao- 
lins, but to some extent. So that the English china clays have less plas- 
ticity than our secondary clays, and more plasticity than our primary 
clays. They have retention in paper fiber and so on. 

It seemed reasonable, therefore, that the domestic product could be 
prepared by the use of our two classes of china clays in which the residuary 
clay plays the part of holding up the body well, so that in the fire it does not 
sag or shrink, and that it would counteract the excessive shrinkage and 
the cracking of too plastic clays which might occur with the sole use 
of the secondary clays. And in that way, the equivalent of the English 
china clay could be produced. 

A good many of the pottery manufacturers were induced to make ex- 
periments. Many of those whose conditions are not as strenuous as 
those who manufacture table ware, introduced domestic clays in this way. 

The question that we in the Tariff Commission have to answer is: 
Why is it that with the duty on English china clay so high our do- 
mestic producers are careless in their manufacture? Are the conditions 
of labor getting to be such that they have to look to a machine shovel 
proposition and cannot go to refinement, that the English manufacturers 
do with the greater command of hand labor? Are they justified, there- 
fore, in producing clays that are accused of not being as good in grade? 
Can they or can they not be depended upon, and what is the outlook 
of the industry? 

These are the questions that I want to put before you and would like 
to hear discussed from all sides, for they have a general bearing upon the 
question of our domestic product. 

It goes without saying that if we want the country self-contained by 
protecting manufacturers, we also want to be self-contained in the matter 
of producing and using its raw materials. But we do not want manu- 
facturers to take unnecessary risks in the use of those raw materials if the 
producers of them cannot be induced to produce them right and to give 
them, as they need it, a product upon which they can depend. 

We have large deposits of primary and secondary kaolins in this country 
and so far as the policy of the country is concerned for those that wish 
to encourage American industry, and also in the matter of common sense, 
it will be desirable to make the United States self-contained as far as pos- 
sible or practicable. For that, all of the interests have to work together. 

Inasmuch as the Government made an earnest effort during the war, 
through the Bureau of Standards, to find out how far, in a case of emergency 
our country would be self-contained in this raw material, we want to know 
what progress has been made, whether the domestic producers are on firm 


PAPERS AND DISCUSSIONS 423 


ground, and whether they are defeated by the possible prejudices of long 
standing. 

As the importers are citizens of the United States who have the equal 
right and protection of our laws it would seem desirable to bring out 
what progress has been made. 

How far can we depend on our domestic product? How far are we 
really dependent on importations? We should like to hear from the men 
who are interested in both sides and aspects of the clay industry and fur- 
nish the supplies. What have they to say, what has been the experience 
of technical men and what has been the experience of business men who 
bring in commercial questions in connection with the matter? 


Discussion 


Mr. RusorF: I have had considerable experience with North Caro- 
lina clays. In former days, we had little trouble in getting the right 
quality of North Carolina clays, but in the past few years, due to the tre- 
mendous demand upon the clays of which I speak, there has been no ques- 
tion in my mind that the quality of clay has deteriorated to a great ex- 
tent due to the fact that the pits are being rapidly exhausted and that 
they may be compelled to turn out a poor product owing to the increased 
production. 

I have had high content of moisture in regard to North Carolina clays 
and the same in reference to ball clays. One man told me, “The water 
is mighty good down here. It is better than the water up in your section.”’ 
For that reason he thought it worth while to keep as much moisture in as 
he did. 

I always felt that 12% moisture was more than sufficient for china clays 
but I have seen carloads from time to time with as high as 18% and 22% 
moisture. On top of that, you will oftentimes find a great quantity of 
mica even on a 200-mesh screen, and also a considerable quantity of iron 
scale, possibly off their coils in their drying sheds. 

I think one thing that the North Carolina producer is going to realize 
is that he will have to put out a much better product than in the past. 
This production craze is not going to last and the quality is going to be the 
big consideration in the next few years. 

CHAIRMAN RIDDLE: One of the men just spoke of some of the English 
clay miners showing our literature and stating that in view of the fact 
that the Ceramic Society said we need English clays they could keep 
their prices up. 

There is one thing for all of us to bear in mind. No matter who states 
these things as facts and who reads these discussions (that is, someone on 
the outside) we must always remember to tell them that these are the 
opinions of the individuals and you will find in the. Socrgty literature 
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the statement that the SocrETy is not responsible for the statements made 
in the Journal. Those are the opinions of the individuals themselves. 
No matter what is said, that argument always holds good, if anybody is 
trying to use it as a club. 

Mr. BELL: The Mandle Clay Mining Company which I amassociated with 
mine only ball, wad and sagger clays; that is to say, we do not produce 
china clays. While we feel that many who are now using the imported 
ball clays could use our materials to advantage we do not attribute this 
to any prejudice against our clays. We find the users always perfectly 
willing to make tests of our clays. We could not ask any more than that. 
However, in many cases where our clay is not adopted, after tests are made, 
we believe it is due to the manner in which trials are made. Of course, 
each factory manager has his own idea about how this should be done. 

We cannot make the clay over and have to offer what we find. We 
select our clays carefully and do not make any mixtures of them. This 
gives as uniform a selection as can be had by mining each strata separately 
and by removing visible impurities which are large enough to justify 
taking out by hand. We believe that any variation in a clay strata could 
be detected by the eye, though we watch the matter carefully by having 
numerous trials made throughout the year of each clay we are mining, 
We believe we are producing very standard selections for we have been 
selling the same lines for many years. It is reasonable to assume that our 
trade finds no difficulty on the score of standardization. 

Since and during the war we have sold larger quantities of ball clay 
than before. During the war we were able to place our clays in lines where 
before it seemed impossible to do so, and since adopting them many have 
continued their use. There are certain manufacturers using our ball 
clays exclusively, whereas others making the same line are using only im- 
ported ball clays. Others use some of each; thus it seems by fixing the 
right combination the domestic clays can be used satisfactorily in place of 
the imported. 

We have no complaint on the reception of our clay by the trade, for the 
increasing demand indicates that our clays are proving satisfactory and 
we are pleased to be able to assure our customers a continuous supply of 
our present selections for years to come. 

As to the tariff, I wish to say that I do not believe it would help us any 
in selling our clays unless it should be increased so as to make the imported 
clays more or less prohibitive. This would require a tariff rate which 
probably would be considered unreasonable while a low tariff on imported 
clays would not benefit the domestic producer any and would only impose 
that much on the customer. There has not been, as far as I know, any 
concerted action on the part of the domestic producers to get a tariff on 
imported clays. 
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Dr. LANGENBECK: While Mr. Bell has spoken of ball clays the principle 
we are after would equally apply to all ball clays and china clays. He 
touched lightly on the technical point of his clays gaining a foothold and the 
progress that is being made, but whether that progress is fast enough or 
not fast enough, is something that seems to me the technical men here 
should answer. And as I say, I think indirectly that would apply also to 
the china clay question which is more immediately before us. 

Perhaps the Chairman, therefore,' will make an appeal to the technical 
men who have had experience with English ball clays and American ball 
clays, and who can give reasons why the substitution of the American 
ball clays is not greater than it is, and whether the slow progress is justi- 
fied. 

Further, it seems to me, it would be of interest to the technical men who 
are present to speak frankly on a subject like this, because in so conserva- 
tive a craft as the pottery industry all sorts of minor considerations often 
thwart a technical man. He ought to have one place where he can open 
his heart with reference to his profession and probably it will react upon 
his industry. 

CHAIRMAN RIDDLE: Are we paying for ball clays at a price varying in 
proportion to the bonding power of the clays? And if so, do these tensile 
strength tests in the raw state pretty well govern the price? 

As I understand it, a good many of the English ball clays are considered 
very strong, and a less amount of them, as a result, is used in the body. 
If that is so it is one way of approaching the subject. 

Dr. ScHRAMM: I have had no experience in the use of American ball 
clays in vitrified ware. We have always used English ball clays. 

We have a fixed policy not to change any material unless we can show 
an improvement in our product as a result therefrom. 

Mr. CRANE: I have heard you use the word “ball clays’’ here. I 
have asked those who use clay what is ball clay? And I have never yet 
had a definition I could understand. 

Mr. BRIAN: Ball clay derived its name from the fact that the clay 
when mined comes out in lumps or in balls, therefore, the English definition 
for it is ball clay. As the clay is mined it is mixed containing various 
colors. You can easily count as many as fifteen to twenty colors in the 
average English ball clay mine excluding, of course, some of the ball clay 
mines from which the extremely dark clay is produced. This clay will 
run dark along with some very light colored clay. The light colored clay 
is weaker in tensile strength than the dark clay. 

Pror. Watts: In surveying the English versus the American ball clay, 
my impression is that the English ball clay has by many potters been 


1A.S. Watts, “Ball Clay Specifications,’ Bull. Amer. Ceram. Soc., 3 \8], 288(1924). 
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considered more desirable because it begins to vitrify at a lower tempera- 
ture than the American ball clay, and that it has an improved working 
property which it imparts-into the body over that possessed by the Ameri- 
can ball clay. Whether that is the property by which lubrication is im- 
parted, or the property by which increased bonding strength is imparted, 
or whether it is the combination of the two which particularly adapts it 
for use in the whiteware body, I am not able to say. 

But the answer which I have received from almost every whiteware 
manufacturer who is wedded to the English clay, is to the effect that he 
finds that the body has a certain working property when he uses the 
English clay which he cannot obtain by the substitution of the American 
ball clay. 

No two clays possess the same physical characteristics. They may be 
identically the same so far as we can determine by chemical analysis, but 
each possesses an individuality and the man who has been accustomed 
to working a body with English ball clay in it, notices a distinct change 
when American ball clay is substituted. 

On the other hand I have found many manufacturers who say that they 
have found that they can substitute a certain amount of American ball 
clay, and get equally good results. Some of them say they have to use 
slightly more than they did with the English ball clay; others say that they 
do not believe that the color that they obtain when they use American ball 
clay is quite as good as the color they obtained when they used English 
ball clay. 

But within the last two or three years, I have had a great many users of 
English ball clay say to me that if there is any American ball clay that is 
any dirtier or any more unreliable than some of the English ball clay, they 
were unable to locate it. 

I believe that the latter described conditions have largely been a product 
of the former, that is, that we have in the United States, a large number of 
people who are wedded to English ball clay. That fact, of course, becomes 
known to the producer of English ball clay, and as the difficulties of mining 
have become greater to him, labor conditions have become more unsatis- 
factory, and he has been crowded for shipments, he has undoubtedly sent 
material over which he would not have shipped if he had thought he could 
not get his money for it. 

It seems to me that the solution of this situation is about as follows: 
We have in the United States a great variety of ball clays, perhaps not one 
of which we can substitute for any single English ball clay. We know 
there is light-colored English ball clay, which is peculiarly adapted to 
certain work, and dark English ball clay which is considered more desirable 
for other work, and we know that many of our American manufacturers 
use a certain combination of two English ball clays. 
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I believe that we should find out whether we can obtain a combina- 
tion of American ball clays which will closely approximate the English 
ball clays or the combination of the English ball clays. 

I am convinced that a course of that kind would result satisfactorily. 
I do not mean to say that you can make a body which you can give to your 
potter and that he cannot tell from the body which contains the English 
ball clay. Perhaps he can. Perhaps it would require some change of 
mental attitude in order to convince him that he could work the body with 
the American ball clay in it just as successfully as he works the body with 
the English ball clay in it. 

That is a matter that will have to be worked out in the factory. 

The problem is one of finding out what the essential physical char- 
acteristics are of the American ball clay and of the English ball clay, and 
ascertaining whether by a combination of the American ball clays which 
we have, it is not possible to produce something which would be a substi- 
tute for the English ball clay. And I am convinced it can be done, It 
may mean that our ball clay producers will have to determine the physical 
properties of their ball clays or have them determined and be prepared to 
show by what combinations they can be substituted. It may mean that 
the potters will have to agree to have the bodies containing American ball 
clay tested out in their factories in order actually to establish the feasibility 
of the substitution. 

There is one point that deserves a little special emphasis, and that is the 
fact that the impression prevails (and it may be correct) that the English 
ball clay, when incorporated into a body, encourages earlier vitrification 
than is the case when the American ball clay is used. Now whether an 
American ball clay exists which will provide this earlier vitrification, or 
whether this earlier vitrification can be provided successfully and satis- 
factorily in some other way, remains to be determined. 

These are all subjects which will require a certain amount of careful 
investigation, but I believe that if England was dependent on the United 
States for feldspar, she would have sufficient consideration for the future 
of her industries so that she would very carefully determine whether she 
did not have a home product which could be successfully substituted. 
I believe that we, as Americans, should display the same attitude. 

Mr. CRANE: That is just along the line of my thought and seems to me 
an excellent idea. Instead of asking the producer of clay to bring some- 
thing to your factory, you men who want to use clay tell the producer the 
material you want to use, and see if he is able to bring you the stock you 
want to purchase. Do not ask him to bring something to your factory 
which you use any way you please, or in any way that you think best. 
If the product is not what you want, do not blame the poor miner. He is 
not technical. 
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Mr. BELL: A question has been asked as to whether the bonding strength 
of the clay governs its price. Speaking for ourselves only, I will say that 
it does not. The reason our strongest clay costs the most is because it 
is overlaid by a bed of lignite and as a consequence costs more to produce. 
This lignite permeates the clay in places and must as far as is practical 
be trimmed out by hand. The stronger clays almost invariably have this 
lignite over them. 

Prof. Watts spoke about giving data on clay to help the user. We have 
a chart about a yard long giving as full data as we have been able to get, 
on all of our clays. The government has issued a bulletin on English ball 
clays and a number of domestic clays.'_ Thus the user can procure data on 
all of the imported and domestic clays for comparative purposes. I 
suppose Prof. Watts has in mind the use of domestic clay everywhere, 
exclusively. We get into every line in which ball clays are used and, in 
a number of places they are used exclusively, which seems to indicate 
that the manufacturer could get along without the imported ball clay. 
However, there are many users who do not feel this way about it and 
thus it is likely that imported ball clays will always be used, but as 
stated, the data is pretty well worked out for those who wish to try the 
substitution of the domestic for the imported clay. 

Where one manufacturer uses the domestic ball clay and another making 
the same line does not or cannot do so satisfactorily, it is probably due to 
some factory condition and therefore comparative data on the imported 
and domestic clays will not be very helpful. We are always glad to fur- 
nish our chart to anyone who is interested and to supply samples of any 
clay they may select. No doubt the Government Printing Office is in a 
position to furnish such bulletins as they have prepared on the matter. 

SECRETARY TREISCHEL: The question Dr. Langenbeck has brought up 
for discussion is one in which he asks the question, ‘‘What has been the ex- 
perience in substituting domestic secondary and primary kaolins for Eng- 
lish china clays?’’ and he includes domestic ball clays for English ball clays. 

The Company with which I am associated manufactures electrical por- 
celain by the dry process, the wet process and the cast process. In the 
six years I have been associated with that Company we have used seven 
domestic ball clays, and three English ball clays, three English china clays, 
and one domestic secondary kaolin. We have also used a small amount of 
one domestic primary kaolin, which petered out and we were not able to 
get a supply of it. 

We have worked out bodies in which we can interchange these materials 
to suit our will so that at the present time, we are practically governed by 
f.o.b. our works. 

1A. V. Bleininger and H. G. Schurecht,"’ Properties of Some European Plastic Fire 
Clays,’”’ Bur. Stand., Tech. Paper 79 (1916). 


PAPERS AND DISCUSSIONS 429 


Mr. McAFEE: I think one consideration of this domestic clay is the re- 
liability of supply. None of us like to change our formulas after we get 
one that works. 

We have had quite a bit of difficulty in the past in getting the same 
domestic clay, and we seem to be able to get the same English clay with 
greater ease than the domestic clay. That may be because there is 
a larger reservoir between the mines and the consumer. 

The question of substitution brings out again the necessity of more 
accurate laboratory control. Dr. Langenbeck has mentioned the possi- 
bility of combining primary and secondary kaolins, and Prof. Watts spoke 
of a definite procedure along this line. If we knew more about what we 
wanted, in a technical way, and when we had it, the problem would be much 
simplified. 

Mr. Hunt: In our experience we have found that the shipments of 
American china clay vary greatly from shipment to shipment, and that is 
not so true of the English china clay; it is more uniform. As to ball 
clays, a number of American ball clays have large deposits which can be 
used with success because of their uniformity, which is the great considera- 
tion. 

If you can adapt your works for a certain clay and the clay changes, 
you are “out of luck.” 

When the American china clay is produced in a uniform quality you 
will find it a more likely substitute for the English china clay. 

Mr. CRANE: Mr. Hunt says you buy clay, getting it in regularly and 
if it changes, you are “‘out of luck.” I think he should know what he wants, 
and when the material comes in he should examine it to see that it is the 
kind of material he wants to use in his mix. When he has determined that 
matter, he can use the kind of stuff he wants to use, and he will turn out 
a uniform quality of goods. 

Mr. Hunt: We do know what we want. We want uniformity. 

Mr. Brian: I do not know of any importer of this commodity, my 
company included, that can guarantee any pottery manufacturer in 
America an absolutely uniform English ball clay. In fact, my com- 
pany positively refused to make any such guarantee. 

We have been in the importing business for the past thirty-two years 
and the experience has been that English ball clays will vary from ship- 
ment to shipment. What I mean by variation in clay is that sometimes 
the clay will be of a lighter color, other times darker. 

English ball clays when mined run various colors, some blacker than 
others. Our experience has been that ball clay mined by the shaft oper- 
ation ordinarily is better than open mine working. 

I have just had seven analyses made by Dr. Wolfe of the Imperial 
College of Science and Technology, South Kensington, London. These 
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analyses covered the light clays, medium dark clays, and the very dark 
clays. All the samples submitted were from different operations, although 
the analyses are all about alike. The question is then, what do the analy- 
ses amount to except to tell us of the different ingredients therein. 

Mr. Gesner and other importers were in this meeting and possibly 
they can guarantee a uniform ball clay, but I am satisfied that consumers 
of our ball clay in this meeting can frankly tell you that while we ship 
them a good grade of ball clay it is not a uniform material. They are 
satisfied that they are getting the best that can be gotten out of the mines, 
and I think Mr. Bell will advise you that they are having about the same 
trouble with ball clays in America. This is referring to the uniformity of 
ball clays. 

Mr. BELL: We mine our clays each strata separately. In addition all 
impurities are trimmed out as nearly as is practical. This is as close as 
we can come to producing our materials uniformly. 

Mr. Brian: I have asked our producers in England, at an increased 
price, to separate as nearly as possible the black clay from the light 
colored clay, and this they are doing. The consumer is compelled to pay 
the increased cost for the black clay, and the same price for the mixed 
clay as mined, and the same price for the light clay as for the mixed clay. 
This is, of course, the light clay selected from the black clay. I likewise 
ask that the consumers take in a certain amount of the light clay, as the 
producer in England insists upon my company taking both the light and 
the dark clay. By this separation this company has as near a uniform 
article as is possible. This selection enables the manufacturer in Amer- 
ica to better gage his mixings insofar as English ball clay is concerned. 

Mr. GESNER: We do not guarantee a uniform English ball clay. We 
cannot maintain it. They take it as it is. With the development of 
technical science there has been a corresponding increase in the de- 
mand for English ball and china clays. That is good enough for me. 
If you, who have technical knowledge with your combined intelligence, 
can work out a process of teaching the clay miner to develop what you need 
and improve these domestic clays, perhaps that would solve the problem. 
We hope you will not succeed in doing so. We do not gloat in your mis- 
fortune, but we take it for granted you buy our clays because you need 
them, and we are very much obliged for your patronage. 

Mr. Fritz: The statement that Mr. Brian made that English ball clays 
are not absolutely uniform, I think can also be made relative to American 
ball clays, only to a greater degree. Prof. Watts’ statement is true, that 
American clays will not vitrify at as low a temperature as English ball 
clays, and also do not have quite the bonding strength. 

I have examined a great many American ball clays, and I can count on 
my hand those which will even approach the English ball clays in vitrifica- 
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tion temperature and bonding strength. None of them equal the English 
ball clays in vitrification, but I have found two that do equal in bonding 
strength. These two clays are vitreous at cone 10 but the vitrification 
does not begin at as early a temperature as the best English ball clays. 
This fact together with the greater non-uniformity of the American clays 
makes the use of these clays not as safe as the English. It simply means 
that you do not have the safety factor with the American ball clays that 
you do with the English clays. The latter will vary a little, but you still 
have vitrified ball clay at cone 10 and you will also have a more uniform 
bonding strength over a period of time. This, we feel, is important in our 
wet process electrical porcelain work. 

If we could get these American ball clays more uniform, so that they 
would be closer to their best, at all times, then we could use them without 
any trouble. We have been able to produce porcelain with these two 
particular kinds of ball clays, which have the properties that are practi- 
cally equal to the English ball clays, and the porcelain as far as we can test 
it is just as good as what we have made with the English clays. 

It may be that adjustments can be made so that these natural variations 
will not affect us, and it is toward that end that we are working. 

I hope we can work it because I would like to see our country use its 
own products. 

If you do not need a low vitrification temperature or ve high bonding 
strength, there is no trouble in using the American ball clay ~ there are 
many that will adapt themselves under such conditions. In tfactur- 
ing dry press electrical porcelain, we can use ball clays of that and 
we therefore use several American ball clays without any trouh “he 
only governing factor is price, just as Mr. Treischel explained. 

That is all that I can offer at the present time. We are working on it 
and I hope I can present something more definite by next year. 

Mr. Gates: In our terra cotta business, we do not wait for the archi- 
tect to come and tell us what kind of terra cotta he wants. We have 
to show him what we can make and if that is not right for his use, we have 
to make it right for his use. 

I feel that the clay industry of this country is dependent largely on the 
energetic action of the men who are digging the clay and marketing the 
clay and hunting out the requirements and needs of the different potters, 
and adjusting their clay if it needs adjustment, handpicking it if it needs 
handpicking or washing it if it needs washing, and getting it so that 
they can come to you and back up their material and say, above all things, 
that every carload you order will be identical with the last carload shipped. 
If we can get our clay industries in that condition in this country, we will 
not have to go abroad for clay. 

Dr. LANGENBECK: I think we should insist that the technical men give 
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information in the way of tangible standards that can be put down into 
direct description of physical properties, accompanied by figures. 

This is, of course, a fickle product, an elusive one, and even Prof. Watts 
is not prepared to say that we can define in this way as yet in a positive 
manner. But we certainly have to make progress in that direction, and 
it is up to the clay producers, if we give them a hand in that direction, 
and it is more up to the clay consumers to give them a hand. 

The clay consumers have reached a point where they have technical 
men and are employing them now. The necessity of that has not been 
made obvious to the producers. ‘ie 

As soon as you technical men make an approach, no matter how small, 
in that direction, of giving facts that are tangible in temperatures and 
percentages of these subtle properties of clays that are not shown in the 
ordinary mineral analysis, the two groups will approach each other. 
That was partly my hope in starting the original trouble of putting chem- 
istry in the clay industry, although it has made a profession for a good many 
of you. 

I hope that you technical men here will rise to the occasion better than 
you have done so far, and say, if you reject the clay from your works 
because it was not uniform with the last shipments, ‘“‘What tests did you 
make? What tangible figures have you tried to get, so that if it were a 
matter of law you could show, and not a matter of opinion ?”’ 

Now what tests have you made privately, to satisfy your own scientific 
conscience, to approach a little in the direction of this tangled solution 
that Prof. Watts has spoken about? Some of you may have made other 
tests, maybe only qualitatively, but the straws show in which way the 
wind blows in finding our way through the maze of this elusive plasticity 
and its coérdination with a wide vitrification range that will make your 
body immune to these different temperatures so that you will still get a 
good electrically resisting porcelain. 

Will some of you give some of your private experiences or some theories 
that you are working on in order to approach this subject? You may not 
have been able to carry it out as you thought you could, but somebody, 
if you mention it, may recall something they have done in that line. That 
is how we get our ideas from the articles that appear in the journals. We 
read the Journal diligently, not to find the man who has solved the prob- 
lem, but who has met a difficulty similar to our own and probably failed. 
So you say, ‘Well, that part is done. I do not have to repeat that. I am 
going to attack it from this angle.”’ 

PROFESSOR WATTS: The question of color has been raised once or twice, 
and I am increasingly impressed-with the fact that in many lines of white- 
ware manufacture, there is a feeling that the American market is favoring 
some other color than dead white. 
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I was talking with an importer. He was telling me that there seemed 
to be a decreasing demand for the dead white porcelain of Continental 
Europe. If that is true, it means something. It means that there is a 
possibility that the extreme whiteness, which at one time we demanded 
in our china clays, may not be as vital as it was. 

Perhaps it would be worth while for the American manufacturer to 
consider whether, collectively, the color of the whiteware could not be 
changed to a very pale ivory. We know that the wonderful beauty of 
the Lenox ware depends not on its perfect whiteness but on its other proper- 
ties, and while they are difficult to define, nevertheless its excellence is 
recognized. 

I believe that the color problem is not as big a problem as it was a few 
years ago. 

I do not believe it is going to be possible for a good many years for 
any manufacturer to say to the man who supplies his clay, ‘I want a clay 
with a plasticity value of Pi-4-B.”’ I do not believe he is going to be able 
to supply that if it is called for. He might have to offer a clay with values 
“Pi-5-B” or “Pi-5-A.”’ 

I do not think there is a manufacturer here but would have a headache 
if he would try to state how many clays he has tested out in his factory to 
see if they met his requirements. All of the manufacturers are testing them 
all of the time, and while they may not be able to express exactly the com- 
bination of properties that they want, in numerals or percentages or any 
other values, they test them all and they find the one which most nearly 
approaches the one they desire. 

Now, as I brought out in my paper,' I believe in specifications of ball 
clay. There is a grave mistake being made by the testing of clays, or any 
other ceramic material by themselves. I have harped on that until I 
guess I am pretty well recognized as an advocate of only testing the ma- 
terial in the body in which it is to be used. 

A great deal cannot be told by firing a material by itself. It must 
be incorporated in a body in which you are going to use it. Especially in 
whiteware bodies. There should be no hesitancy on the part of the manu- 
facturers in testing a ball clay in a body of stated composition. The one 
I recommended was 20 of standard feldspar, 30 of standard flint, and 50 
of standard clay. You can make it 30 of china clay and 20 of ball clay 
substituting for the other, the material which you are testing. You can 
say to the man from whom you are buying any of your materials, ‘“The 
sample marked 1 is the way I want it. Your material is substituted in the 
sample marked 2. This body cracks or this body warps, or this body 
dees not vitrify, and this body is bad color.” 


1 Bull. Amer. Ceram. Soc., 3 [8], 288 (1924). 
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There are a dozen things we can say about it after we have made the 
test, but the man who ships the clay must not say to us, ‘“Well, tell me how 
to fix my clay.’’ He must remember, of course, that if his clay will not 
do, if I am not satisfied with the clay he is shipping me, he must offer 
something else, and if he does not offer something else, I am certainly 
going to buy the best I can get from somebody else. 

Dr. LANGENBECK: I think this is excellent ground and also that further 
work in analytical determinations will also lead to the use of symbols 
that will mean something definite. 

You have heard from Mr. Bell, I think, that the strongest and best clay 
he makes, he gets the highest price for, and he is modest in saying that 
he asks the highest price only because it costs him more to mine it. 

I want to coérdinate, and I want to get you into the habit of coérdinating 
these chance remarks, and see what they mean, chemically, with what was 
said by Mr. Brian. I believe in his endeavor to get the English manu- 
facturers to separate the light clay from the black clay. 

I was the first ceramist to develop the American ball clays. Samples 
of my original ware can be seen if you happen to be in Kentucky at the 
State House at Frankfort, in the museum there. That was the first 
American ball clay gotten out. I got it out and shipped it to Cincinnati 
to the Avon Pottery. When I was with the American Encaustic Tiling 
Co., and other companies a number of years afterwards, I also introduced 
its use in a definite mixture of light and dark lump, just exactly as Mr. 
Brian has described the English clay. 

I separated that, myself, for particular uses, and I found, as Mr. Brian 
has described, that the stronger clay and the clay with the longer vit- 
rification range, was the black clay. 

I coérdinate that with what Mr. Bell said. What is that black stuff 
that is in the clay? You may put down in a vague way, “Organic matter 
and loss” in your analysis. But it is vital to know what that is. 

That black matter to some degree probably infiltrates from the lignite 
Mr. Bell has spoken of into his strongest clay. In other words, it is what 
the dirt farmer calls ‘““‘humus.” 

The trouble with our CERAMIC Society (if you will pardon me for 
criticizing you) is that you sit in a water-tight compartment—you are 
not taking enough notice of other people who are also dirt farmers and 
working with clay for their own particular purposes. 

Now in order to get one of these factors represented by a symbol or 
whatever you want, or at least another item in your analysis of a clay 
that is not a mineral, supposing you do what the agricultural or soil chem- 
ists are doing, determining the humus in the clay, and then see if the pro- 
portion of the humus is not a factor and an important factor in this matter 
of plasticity, and possibly also further in this range of vitrification. 
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Now let me suggest to you who are earnestly engaged in the analysis 
of clay to add humus. In Wiley’s book on “Soil Analysis and Agricul- 
tural Analysis,’ you can find methods of doing it. It is perfectly simple. 

This will give you one more item in your analysis of the clay, and maybe 
it will run to something of value. 

Mr. TwE.ts:! Through reading over the discussion on this subject I 
have received the following impressions as being the composite opinion 
of the various speakers. English ball clays compared with American 
ball clays: (a) are more uniform; (b) give a better color to a body; (c) 
vitrify at a lower temperature; (d) have a better bonding strength in the 
unfired state, and (e) give better plasticity or working qualities to a body. 
On the other hand there seems to be a general complaint that the English 
clay miner is not playing fair, 7. e., that he takes an advantage because he 
believes that we have to have his product; he makes us take the grade of 
clay which suits him best, he soaks the clay to the maximum with water, 
and then charges his own price. For this reason there has been for several 
years an earnest desire on the part of many to utilize American ball clays 
in our whiteware bodies. My own personal sentiments favor this course 
and I wish to point out some ways by which I believe it can be done suc- 
cessfully. 

In regard to uniformity, the importers of English ball clay, who have 
spoken, agree that it is not uniform and that they cannot guarantee 
its uniformity. Moreover, as Professor Watts has pointed out, it is un- 
doubtedly true that some of the English ball clays are dirty and unreliable. 
At the same time we must also admit that American clays are not strictly 
uniform—each car the same. This brings me down to the point I want to 
make. That all clays whether English or American are not uniform as 
they are received at the pottery. But they can be made so with relatively 
little cost by observing simple rules in unloading, storing, and withdrawing 
the materials at the plant. It is not a difficult job and the remedy gives 
positive results. This phase of the subject I have already discussed in a 
paper given before the Whiteware Division at this convention.* Again, 
how many plants make a practice of making up a trial run of body out of 
each new bin of clay, in order to get a sample lot of that ware out of the 
kiln before the bin has to be used? Relatively few plants go to that 
trouble and yet it might often save a lot of money regardless of what kind 
of material was in the bin. If the advance test indicates that a material 
is different from that in previous bins, might it not be possible to make a 
small correction which would right the difficulty before a large amount of 
ware is made and spoiled? It is no doubt true that there is plenty of room 


1 Received April 10, 1924. 
? “Handling and Storing Raw Materials to Produce Uniformity in a Body,” Jour. 
Amer. Ceram. Soc., 7 [2], 82 (1924). 
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for improvement in the methods used by the American clay miners; yet 
I believe that if those who complain about the lack of uniformity in Ameri- 
can clays will check up, they will find their chief trouble lying in their own 
plant processes. 

That English ball clays vitrify at a lower temperature I admit, but I 
feel sure that the composition of the body could be altered slightly to make 
up for the differences in the American clays. I agree with Professor Watts 
that a clay should be tested in a body as well as alone. But I disagree 
with his suggestion of testing it only in one standard body or in whatever 
body happens to be in use at a plant when the sample-or car of clay arrives. 
I do not think it fair to condemn a clay solely because it might fail to give 
good results in one particular composition. I know from experience how 
common a practice it is in a plant to attempt to substitute one clay for 
another without scientifically correcting the body to compensate for the 
change. Forexample a plant runs out of English ball clay; some one failed 
to order it in time or the car was delayed; there is a bin of Tennessee 
ball clay at hand. The slip room foreman or the superintendent has the 
one substituted for the other and we all know the result. There is trouble 
all through the plant. Everyone forever after condemns Tennessee ball 
clay and says that only English ball clay can be used. It would seem fair 
to condemn a clay only after it had been tested in a considerable field cover- 
ing a wide range of different compositions. The trouble usually lies in 
the fact that we do not, as a rule, work the problem out carefully in the 
laboratory, or if we do work it out carefully in the laboratory, we let it 
rest there and do not apply the results scientifically on a large scale in the 
plant. 

Regarding the color produced in a body by American ball clays, as com- 
pared to that by English ball clays, I agree that taken as a whole the Eng- 
lish ball clays give the better color. But I have tested a considerable 
number of English and American ball clays in whiteware bodies in direct 
comparison and I have found that some brands of American ball clays 
give as good a color as the best grades of English ball clay and even a better 
color than other grades also sold as first quality. Of course some brands 
of American ball clay do give a body a distinctly creamy-white color but 
this, as pointed out by Professor Watts, may be less of an objection in the 
future than at present. 

I also agree that English ball clays give better plasticity and better bond- 
ing strength to a body. Professor Watts mentions that some manu- 
facturers have overcome this defect in American ball clays by using 
slightly more of the clay. He also suggests that a combination of ball 
clays may serve the purpose. I would also suggest that a very small 
percentage of bentonite be tried along with the American ball clays to 
help develop the plasticity. Professor Cox has shown us at this con- 
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vention that with a small percentage of bentonite he can make a North 
Carolina kaolin as plastic as a Kentucky ball clay.!. This would seem to 
indicate that with bentonite we could develop any degree of plasticity re- 
quired. 

Personally I agree with several speakers that American ball clays can be 
used. I feel sure of this because many plants have used them successfully 
for years. The fault as I see it lies chiefly with the ultra-conservativeness 
of our craft. Several speakers have already referred to this. We dislike 
to adopt new methods and use new materials. I cannot agree with the 
policy that the only change warranted in a body is one which will result 
in an improvement in quality of the finished ware. I, too, feel that we 
should not lower our quality, but if we can produce a quality equally as 
good using cheaper materials and materials of American origin, we are justi- 
fied in doing so. 


DISCUSSION? ON “EFFECT OF MUFFLE ATMOSPHERE 
ON FIRING ENAMELS’’® 


Mr. VOLLRATH: What type of furnace was used in the large scale calcu- 
lations? 

Mr. CooKE: That was the muffle furnace. 

Mr. ScHwIiksR: Do the firing racks used in support of the furnace have 
to be taken into consideration besides the amount of ware being fired in 
any furnace? 

Mr. CooKE: There is no question but what this is true. The oxygen 
will be absorbed more or less by the firing racks, depending on the sort of 
equipment used. But as far as I have gone, it is very problematical whether 
there is any calculation referring to any large full-sized furnaces which is at 
all accurate. Whether or not any inaccuracy comes in by not taking into 
account the firing racks, it would not be considerable. 

Mr. HANSEN: Mr. Cooke has shown very clearly that a certain amount 
of iron oxide on the sheet is necessary to get the enamel to work properly. 
I just wondered whether the introduction of iron oxide in the ground coat, 
just as we have our cobalt and manganese, would give the same effect. 
I have seen a combination of iron oxide and cobalt used, and I wondered 
whether oxygen was necessary in that case. 

Mr. Cooke: I have not tried that just as you have put it. But taking 
into account the quantity of iron oxide formed as a film in proportion to 
the weight of the enamel the percentage was rather high. And I doubt if 


1 Paul E. Cox, “A Study of Plasticity by Practical Potters’ Methods,”’ Jour. Amer. 
Ceram. Soc.,'7 [3], 5 (1924). 

2 Presented at Atlantic City Meeting, Feb., 1924 (Enamel Division). 

3R. D. Cooke, Jour. Amer. Ceram. Soc.,7 [4], 277-81 (1924). 
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the same effect could be gained by adding that much raw oxide to the 
enamel without disrupting the formula. 

Mr. VOLLRATH: Was the material used in those grates cast iron? 

Mr. CooKE: Our regular equipment was not used in the experiments. 
The calculation for standard ware in the standard furnace is purely a 
mathematical problem. No experimental work was done in our furnaces. 

Mr. LANDRUM: As I understand it, from your calculations there will 
always be’ plenty of air. Am I right? 

Mr. CooKE: No, not necessarily. Experimentally I found that six 
cubic inches of air to one square inch of enamel surface was about as low 
as you could go in air capacity. And by making a few calculations I 
found that that limit was often dangerously approached in practice. 

Mr. LANDRUM: We find these data very interesting. Blistering occurs 
while the ware is cooling. If enlarging the furnace or introducing air will 
assist, we have here a real practical suggestion. 

These data will be especially interesting to those who are considering the 
feasibility of a continuous furnace, of a furnace that will have just as little 
air space in it as possible in order to conserve heat. It looks as though 
air will have to be introduced along with the ware; 7. e., havea circula- 
tion of air. 

Mr. SweEELy: Mr. Cooke, did you find any detrimental effects from 
having too much air? 

Mr. CooKE: No. 

Mr. Poste: Some work that we did some time ago might be of interest 
here. Our problem was to substitute oil for natural gas as the fuel in a 
direct-fire enamel furnace. In the first place we asked ourselves the ques- 
tion what are the essential conditions by way of atmosphere in a direct- 


fire furnace? Having answered this we next reproduced the conditions 


in the oil-fired furnace. 
Our findings apply to our particular furnace and enamel. Probably 


the quantitative conclusions would not apply exactly under different 


furnace and enamel conditions. The general principle should hold, how- 


ever. 
We found that with from three to four per cent free oxygen in the gases 


in contact with the enamel we encountered traces of the trouble that Mr. 
Cooke has in mind. With the oxygen down to 2% serious trouble resulted. 
With oxygen at 5% we had no trouble. We concluded that 7% could be 
taken as a safe working requirement. 

We then worked out a system of controlling our oil burners so that we 
realized about 7% oxygen in the furnace atmosphere and no trouble comes 
as long as these conditions are maintained. 

Mr. Cooke: I might mention another source of error in firing hollow 


ware. We have more air really than the actual capacity of the muffle 
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would indicate, because as hollow ware goes into the furnace it carries 
with it cold air in the interior. When it becomes heated it expands to some 
2 or 3 times its original volume, which gives considerable excess air. That 
would not apply to flat ware. 

Another thing: We one time experimented with a semi-muffle furnace, 
gas-fired, and found that we always got this ruffling or fine blistering with 
ground-coat enamel but were very successful in burning cover-coat enamel. 

Mr. LINDEMANN: I should like to ask Mr. Poste whether he had that 
same effect with cast iron as with steel. 

Mr. Poste: We have never worked with cast iron at all in a direct- 
fired furnace. That was sheet steel altogether. I wonder if there are any 
observations relative to cast iron. 

Mr. BarpusH: Mr. Cooke referred to the ground-coat blistering. I 
had that about five years ago and plenty of it with producer gas. The 
only way I could overcome it, was to fire the ground coat about half, 
take it out, chill it and put it back again. By this means I got rid of it. 

That was too much work. I commenced to treat my coal before firing 
into the gas producer. Instead of yellowish gas, I obtained a bluish gas. 
I had no more boiling or blistering. 

You have the very same thing with a direct-fired furnace with a poor 
grade of coal. I had it not long ago. 

CHAIRMAN STALEY: With what did you treat the coal? 

Mr. BarpusH: With calcium chloride, twenty dollars a ton. 

Mr. JAEGER: Mr. Landrum has drawn attention to the danger of build- 
ing too low a furnace or a furnace of very shallow depth from the bottom 
to the top of the muffle. About six months ago, we started to operate a 
furnace the spring of the arch of which is about eighteen inches from the 
bottom. We have benches that support the ware racks which are about 
eight inches high. If there was a danger of not getting enough fresh air 
we are about as close to the limit as we can get. After an operation of 
six months we think we are getting very good results. We have not ob- 
served anything that would raise a suspicion of insufficient air. And we 
have been firing flat-ware enamel during these six months. 

Mr. Manson: I was interested in what Mr. Hansen asked about adding 
iron oxide as such to the enamel itself, because it is a rather common 
practice among sanitary ware men to add a little iron oxide to the ground 
coat. They think that it makes it easier for the coater to see whether he 
has his casting covered. But I have always wondered whether they 
might get some beneficial effect from it which they did not know anything 
about. I am trying to find that out myself. 

Mr. VOLLRATH: What was the over-all height of that muffle, Mr. Jaeger? 

MR. JAEGER: I think it is eighteen inches and I think the arch is about 
seven inches from the spring in the center, 
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CHAIRMAN STALEY: Mr. Cooke, there is one question. Would you say 
you get blisters when you do not have iron oxide present? 

Mr. CooKE: No. 

CHAIRMAN STALEY: Well, what makes the blisters? 

Mr. CooKE: I should like to ask that myself. 

CHAIRMAN STALEY: I could understand how iron oxide could make 
blisters by giving up oxygen, but I do not understand how lack of iron oxide 
could make blisters. 

Mr. CooKE: I tried to determine that in the analyses of exhaust gases 
from the furnace. I was looking for some foreign gases that were not in 
the air that went in, but I did not find any. If this blistering was caused 
by the evolution of a gas either from the surface of the steel or from the 
enamel, it did not escape into the surrounding air in any sufficient quantity 
to be detected by analysis. 

Mr. LANDRUM: Practically all formulas for ground coat either contain 
nitrate of soda, nitrate of potash or manganese dioxide. I suppose you 
have tried these one by one. 

When all of the oxidizing agents are left out of a ground coat I find it 
is inclined to blister. Although a ground coat can be made without oxi- 
dizing agents in it, still a more fool-proof enamel is made with oxidizing 
agents. Therefore, in most of these enamels we still find these nitrates. 
Although these are put in at the smelter rather than at the mill their 
oxidizing effect is still there. 

Mr. Poste: On that point, I have tried experimentally to leave out 
the nitrates in a ground coat having nitrates in the formula. As a result 
metallic cobalt, actually identified chemically, plated out on the steel 
stirring rod used in stirring the smelt in the crucible. 

Mr. LANDRUM: And when you used nitrates it did not happen? 

Mr. Poste: No. 

Mr. Cooke: Of course, we know of the oxidizing power of the nitrates 
and probably most of the manganese dioxide is exhausted in the melting. 
I did not bring any figures as to the oxide formed on the steel under the 
enamel, but roughly I mace some calculations to see if some oxidizing 
agents could not be added in the mill during grinding. I found that to 
get the oxygen which is equivalent to the weight to iron oxide formed, 
it would be necessary to add something like thirty per cent of manganese 
oxide. 

CHAIRMAN STALEY: Mr. Cooke brought out the important thing about 
the iron oxide film. It is a physical rather than a chemical effect. The 
fact is that when the steel is covered with a thin layer of iron oxide the 
enamel wets the iron oxide, spreads out and attaches itself to the steel. 
When it is not covered with the iron oxide, it draws up into beads. The 
iron oxide acts not only chemically, but also physically. If you have the 
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same amount of oxide present mixed with the enamel it would not stop 
the beading and pulling up of the enamel. 

Mr. SWEELY: It is rather interesting to note that if the metallic oxides 
are omitted from the average ground coat and applied to a piece of steel, 
the fire required to make a smooth coat is very much decreased. I was 
wondering whether Mr. Cooke had experimented with anything along that 
lime—omitting the cobalt and metallic oxides. 

Mr. Cooke: No, I have not. 

Mr. SWEELY: I found with a glass that requires three minutes to mature 
on a sheet of 20-gage steel, the glass free from cobalt can be fired in about 
half this time without blistering or pin holes or anything of the sort ap- 
pearing. If there is a reaction between the cobalt and the steel this is a 
possible explanation of the reoxidation of the steel. That is just a sugges- 
tion. 

Mr. SCHWIER: On your ordinary equipment you will find you cannot 
go under Mr. Cooke’s estimate of six cubic inches for one square inch of 
surface. We have an electric furnace which is twelve inches to the spring 
line of the arch and seventeen inches to the top of the arch. By taking the 
volume on the basis of twelve inches high all the way across, we still have 
about two hundred and thirty cubic inches per square inch of enamel 
surface. So you cannot have the hole in the furnace much smaller than 
that and still get your fork in, raise it and bring it out again. That is 
about as small a muffle as you can get. The ware would have to be laid 
on the flat rack much lower than the present firing points to bring it any- 
where near the figure Mr. Cooke mentioned. 

Mr. KorMAN: With regard to iron oxide, I had what I thought was iron 
oxide on a casting both on the ground and the enamel. The enamel 
seemed to draw away from the iron spot. ° 

Mr. LANDRUM: If the black shape is not cleaned before putting into 
the furnace, the enamel will crawl; however, I believe Mr. Cooke has a 
patented process of oxidizing the sheet and does not have to pickle it. 
Am I right, Mr. Cooke? 

Mr. Cooke: Yes. It is the same story. You supply the oxide film 
before you enamel it. And vou and I know that the oxide film is absolutely 
essential. So if there is nothing but oxide on the steel to start with, why 
should it be removed and then put back on again? 

Mr. MAnson: In line with what Mr. Korman stated, it is possible to 
enamel cast iron with a dry process without a ground coat and get a per- 
fectly smooth piece free from blisters. But when I say without a ground 
coat, I mean that I did have a ground coat of iron oxide on a piece. I 
have made many pieces in the laboratory. 

I have never been able to enamel a piece of cast iron without a ground 
coat when the iron was cleaned. When I took a piece of cleaned iron, wet 
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it and let it stand until I got an even coat of rust on it, I had no trouble 
enameling it without blisters. 

CHAIRMAN STALEY: That is, with comparatively high temperature? 

Mr. Manson: About 1650°. 

CHAIRMAN STALEY: It is well known that cast iron can be enameled 
by the wet process without a ground coat if you keep your temperature 
down quite low, that is, below 1250°. 

Mr. Manson: That is not only done in the laboratory. I have enam- 
eled closet tanks in the factory by the same method. Of course, it is much 
more simple to use a ground coat. And I do not think a little iron oxide 
on a casting would have the result Mr. Korman described. 

Mr. Korman: It may be possible that these two men have different 
processes whereby they are able to do that and get away with it. I do 
not see why one should disclaim the possibility of a perfect enamel when 
the whole casting has a film of oxide simply because iron spots cause 
crawling. 

Mr. MANSON: Spots of iron oxide might not be very thin whereas a 
film of iron oxide closely held to the iron is thin. 

Mr. Cooke: We should not let any confusion remain as to exactly 
what we mean by iron oxide in this discussion. What I have been talking 
about all the time is heat oxide or the blue surface we get from heating 
metal in the air. There appears to be some idea that I might have re- 
ferred to a coating of rust. I know nothing about the effect of rust. 

Mr. ANDERSON: We do exactly what Mr. Cooke here claims, every day 
in the year. We are making hundreds of pieces without pickling. We 
put this film of oxide on the article by heating and it enamels just as well 
as with pickling. 

CHAIRMAN STALEY: Do you mind explaining just how you do it? 

Mr. ANDERSON: We do it the same as if we were scaling it. We do 
not use much heat but just barely enough to blue it. We then dip it into 
the ground coat and fire it. 

Mr. Cooke: Is that cast iron? 

Mr. ANDERSON: Steel, not cast iron. 

Mr. SCHWIER: May I ask how you get the shop oil off from the piece? 

MR ANDERSON: We put the piece into the furnace and then remove the 
scale. This gives a film of oxide. Then we dip it and fire it in the regular 
form. 

CHAIRMAN STALEY: You do not clean it after scaling? You simply 
scale the piece in the ordinary manner? What if it has a rather thick film 
of oxide? 

Mr. ANDERSON: We do not allow that. The material that comes to 
us is what they call common rolled stock, It is not regular enameling 
stock. It is not very good stock either, 
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REFRACTORIES QUESTION BOX 


E. E. Ayars, Eprror 


Questions 

1. Does the grinding (coarse or fine) have anything to do with the resistance of 
a fire-clay brick to spalling? 

2. What difference is there between the properties of a soft mud machine-made 
and a hand-made brick? 

3. Canan iron-free clay brick be made for blast furnace service? 

4. Will results in service justify the expenditure and added cost necessary in or- 
der to make fire-brick mixes from definite percentages of definitely sized clay grains? 

5. What effect do soluble salts (such as show on red burning clays as scum) 
have on the refractoriness of fire brick? Are the silicates formed with such salts in 
firing of low refractoriness? 

6. What effect do sand and air inclusions (commonly called sand cracks or mold- 
ing cracks) incident to hand molding, have on the service of hand-made fire brick? 

7. What is the cause of rapid failure of fire brick in the checker work baffles of 
oil-fired boilers, subjected to a temperature of 2300°F but against which the oil flame 
does not impinge? The failure consists of premature vitrification and carbonizing 
with subsequent fusion. Is this a result of subjecting the brick to a reducing atmosphere ? 

8. What is the reason for the more rapid failure at a lower temperature of fire 
brick subjected to reducing atmosphere than will obtain with the same brick under 
oxidizing conditions? 

9. What is the relative spalling tendency of fire brick under reducing and oxidizing 
conditions, respectively? 

10. At what temperature does fire clay break down into sillimanite and quartz? 
Are the crystals thus formed actual sillimanite or are they the newly discovered mineral 
3Al,0;-2Si0,? 

11. What properties should a clay brick possess to give good service in rotary 


cement kilns? 
12. What properties should a clay brick possess to give good service in vertical 


shaft lime kilns? 

13. How can the water content for wet pan charges be gaged? 

14. What simple laboratory tests can be used to keep the quality of refractories 
up to standard? 

15. What is the cause of the swelling of fire brick in the hearth and crucible of a 
lead blast furnace after the furnace has been blown out and is allowed to stand idle? 

16. Will a high alumina brick resist metal absorption in a lead furnace? If so, 
what is the minimum alumina content required in such » brick? 

17. What is the best type of refractory for lead blast furnace work? 


The effect of coal ash on refractories. J.J. BRENNAN. Combustion, 10, 418-22 
(1924).—The metallurgical point of view is adopted wherein the ash from the coal and 
the furnace lining are compared to a smelter charge and lining. Chemical analyses are 
given of 9 coals and their ashes and of 14 bricks, Fe-free. Mixtures of 70% ground 
fire brick and 30% coal ash were prepared, each brick in combination with each ash, 
and molded into triangular cones, inclined at a 45° angle with the horizontal. These 
were mounted on slabs of highly refractory material. Similar cones were prepared from 
each ash and from each brick alone. These were heated in a gas-fired furnace in a re- 
ducing atmosphere; four hours were required to reach the maximum of 3000°F. The 
condition of the cones was observed at 20° intervals. The temperature of the initial 
deformation of the cones, 7. e., when the tip assumed a horizontal position, was noted and 
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the results were plotted. In the majority of cases, actual life of furnace linings follows 
closely the indications given by the charts. 3. 


Discussion 

This is an excellent paper and shows the result of a great deal of pains- 
taking work. It is regrettable that Mr. Brennan was unable to include the 
analysis of all the brick tested. An interesting point is that the relation 
between the composition of the coal ash and its destructive properties is 
not at all definite. In a general way the total of the Fe,O;, TiO, and CaO 
is a measure of the activity of the slag. Between the composition of the 
brick and its resistance to the ash, there is even less agreement. When 
the alumina of the brick is plotted against the fusion point of the brick- 
ash mixtures there is no semblance of a curve. There is tendency for the 
fusion point of the mixture to rise with increased alumina content of the 
brick, but it is only a tendency. The following diagram shows the alumina 
content of the brick plotted against the fusion point of the mixture of brick 
and Kentucky coal ash. The other ashes were even more erratic. 

It must be remembered, however, that slag action is the product of 
two factors, namely, chemical action and erosion. The test used by Mr. 
Brennan measures only the chemical reaction. It is probable that in many 
cases, low resistance to erosion would more than offset the advantages of 
good resistance to chemical action. There is reason to believe that re- 
sistance to slag action is affected by the texture of the brick as well as by 
the composition. The most rapid destruction is obtained when particles 
of the brick loosen and float off in the slag. These particles might have 
an excellent resistance to the fluxing action, but if the nature of the brick 
is such as to allow them to escape, it avails nothing —ROBERT F. FEr- 
GuSON, Garfield Fire Clay Co., Bolivar, Pa. 


In the August number of the Question Box a statement of the service conditions 
of refractories in oil-fired boilers using topped Mexican oil for fuel was given. Mr. 
Ferguson, upon reading the Editor’s remarks presented some information on the pres- 
ence of large percentages of titania in fuel oil slags. This was published in the Sep- 
tember number of this department. The work of Brennan, who studied the effects of 
coal ash on refractories as described above, was reviewed at the same time. It appears 
to the Editor that fuel oil residues and coal ash must beara close resemblance. Brennan 
found high titania compounds in his studies of coal ash-brick mixtures, but he did not 
carry his work to its final conclusion. He merely wished to establish a relation between 
fusion points of brick-ash mixtures and service of brick in the boiler setting. Readers 
are requested to review the August and September numbers of this department and sub- 
mit further discussion of the problem. The Editor has a copy of the Brennan paper 
which will be forwarded to anyone interested upon request.—Eb. 

Correction.—In the September issue of the Bulletin on page 352, I note that you 
give the fusion point of tridymite as 1670°C, and of cristobalite as 1625°C with 
acknowledgments to Searle. It is my understanding that Searle did no original work 
in this connection, but that his figures were copied from the reports of others. Ina 


PAPERS AND DISCUSSIONS 445 


paper, ‘““The Melting Points of Cristobalite and Tridymite,”’ by Ferguson and Merwin,! 
you will find a review of the work which has been done on this subject and a description 
of the work done by the authors. These figures are undoubtedly the most accurate of 
any available. They determine the melting point of cristobalite as 1710°C +10°, and 
of tridymite as 1670°C + 10°.—J. S. McDowe.t, Harbison-Walker Refractories 
Company, Pittsburgh, Pa. 

In the October issue of this department the question, ‘““At what temperature does 
fire clay brick break down into sillimanite and quartz?’ was presented together with 
short discussions.2, The paper deals with calcined clays but gives definite temperatures 
at which sillimanite is first noted in flint fire clay and plastic fire clay, and temperatures 
at which the crystals are fully formed. The quartz particles disappear with increase 
in temperature.—Ep. 


Question 


What is the best type of fire-clay refractory for rotary cement kiln service? 


Discussion 


Service in the hot zone of a rotary cement kiln is severe and each in- 
stallation is a distinct problem in itself. Liners used should have a high 
melting point, a low coefficient of expansion, be resistant to abrasion at 
high temperatures and resist the attack of hot clinker. A brick which will 
carry a coating of clinker is desirable in most instances, although there 
should be no tendency to build up this coating to restrict the size of the 
kiln. 

Certain cement plants have difficult raw mixtures to handle and the 
kiln liner must be of a very much higher quality than is required in some 
other plants. Burning temperatures are higher and the service on re- 
fractories much more severe in these cases. 

There is practically no problem connected with the cold end of a cement 
kiln, except that a brick suitable for dry feed will sometimes not give 
satisfaction with slurry feed, but a medium grade of brick can be found 
which will serve in one case or the other. In the central portion of the 
kiln, the preheating zone, a good grade of fire brick is easily found to meet 
the conditions. 

A southwestern cement plaut has used three different kinds of hot 
zone liner. Two of these with fair success, the third with exceptional 
results. Analyses of the three brick are given in the accompanying table. 

The far-western and the Missouri brick gave fairly good results as hot 
zone liners under rather adverse conditions of high temperatures and active 
ingredients of the cement mixture. This Company burns its clinker harder 
than the average and their products will stand outdoor storage for many 
months without deteriorating, which is an extraordinary thing in cement 


1 Amer. Jour. Sci., 46, 4th Series, 417 (1918). 
2 See H. M. Kraner, “‘Sillimanite Development in Some Typical Clays,’”’ Jour. 
Amer. Ceram. Soc., 7 {10], 726-34 (1924). 
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Far-western brick! Missouri brick! High alumina brick? 
SiO, 56.63 53.80 20.44 
ALO 37 .80 41.56 73.10 
FeO; 1.07 2.16 2.09 
CaO 2.90 27 
MgO 1.03 1.08 13 
Alk. not det. not det. .79 
Titania not det. not det. 3.63 


(Note: Analysis of high alumina brick furnished by cement chemist showed about 
10% of lime, which was checked and rechecked from original sample. New sample 
should have been taken from interior of brick. This brings up a point in shipping brick 
as well as one in analysis methods. Brick should never be shipped in a car contaminated 
with lime or other foreign materials. Brick loaded in the bottom of such a car naturally 
pick up more or less lime in the movement of the shipment and are liable to give a com- 
promised service on account of the presence of such foreign materials in the surface of 
the brick. Samples for analysis should always be taken from the center of the brick. 
This point should be stressed by the manufacturer when he is discussing brick service 
with his customer.) 


plant annals. ‘These brick are both satisfactory for preheating zone and 
cold end of kiln, and one or the other is used when replacements are re- 
quired. As hot zone liners they did not measure quite up to the re- 
quirements and the high alumina brick was installed for test. The first 
run of 5 months and 5 days showed a decided improvement in results and 
service over the liners previously used and the Company has adopted the 
high alumina liner as standard for the hot zone. 

One of the striking things about the high alumina liner is the fact that 
in the 5 months’ run a slight coating of clinker adhered to the brick, 
but on shutting off the kiln the coating was easily scraped off from the liners 
without apparent damage to them. There was absolutely no sign of 
fusion, no slagging, and no erosion worthy of notice. The only sign of 
trouble of any kind was a chipping of corners of the brick in a few courses 
due to unequal distribution of pressure. The kiln is of unique design and 
has improved the burning conditions very materially. It is larger in 
diameter in the hot zone than it is at the discharge end or throughout the 
preheating zone and cold end. As a result of this widening of the circle 
the brick have to be cut on the job to fit and the first installation was not as 
carefully cut as the second will be. The plant superintendent now under- 
stands the value of perfectly fitting circles and will see that the necessary 
time and expense is put on the next lining to insure the lining against failure 
due to chipping of corners. The kiln was taken off to replace old liners 
at the discharge end and to observe the condition of the high alumina lining. 


! Analyses by cement chemist. 
2 From Brick Manufacturer. 


| 
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It would appear from the service the high alumina liners are giving in % 
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this instance that the ambition of the cement engineers may be reached in 
the near future: a cement kiln with an insulated lining. The shape of the 
hot zone of this particular kiln gives very much the same results that the 
insulated lining is expected to show. There are certain water-cooled ro- 
tary kilns in use in other countries which are intended to make possible a 
higher burning temperature, but this type of apparatus is difficult to handle 
and expensive to operate. The enlarged burning zone makes possible a 
higher burning temperature without imposing serious service on the high 
alumina liner and it is still the simple type of kiln. 

One of the things noticed at this plant which is not considered good prac- 
tice is the outdoor storage of refractories both for boilers and cement 
kilns. The action of frost is not feared to any extent although. there have 
been occasional lapses from normal weather. There is a rainy season when 
it pours down in bucketsful and the brick are usually wet for long periods 
after this season. The storage piles were situated just under the kilns, 
which are out in the open, except for the feed and discharge ends. The heat 
from the kilns is said to keep the brick in fairly good condition. It was 
noted, however, that brick which had been in storage for considerable time 
showed distinct signs of deteriorating. The brick were weak and easily 
broken, where a new brick of the same manufacture stood rough handling. 
The superintendent of the plant reported no apparent reduction in service 
on account of the outdoor storage. In a section of the country where the 
extremes of temperature are encountered each year these brick could not 
possibly be stored out of doors.—Ep. 


“Brick for Rotary Cement Kilns.— While it might be supposed a basic 
brick would give the best results in cement kilns, according to W. Hamilton 
Patterson (British Iron and Steel Institute, Carnegie Scholarship Memoirs, 
Vol. 6, 1914) an exceedingly satisfactory brick was: SiOe, 73.2%; AlsOs, 
18.3%; FesO3, 6.5%; TiOe, 0.4%; CaO, 0.4%; MgO, Tr.; alkalis, 0.50%; 
loss on ignition, 0.22°%. The melting point was 1735°C. His explanation 
of the success of such a brick is that it fuses on the surface and forms with a 
cement clinker a protective coating. The question of protective coatings 
may thus be an important one in judging fire brick.’,-—-DoNALD M. LIDDELL, 
“The Metallurgists’ and Chemists’ Handbook,’’ McGraw-Hill Co., N. Y. 


“The chief characteristics of Suprafrax as affecting rotary kiln operation 
are: 
High refractoriness (fusion point about 3400°F) 
Adaptability for taking and holding a clinker coating 
Resistance to chemical action of the clinker 
Resistance to abrasion 
High load-carrying capacity under high temperatures.” 


ar 
| 
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Control of Size and Uniformity 


“A further item of importance as affecting the lining service as developed 
in this particular type of lining as compared to the ordinary fire-clay type is 
the greater control of size and uniformity possible. Uniform liner dimen- 
sions facilitate not only the ease of the mason’s work but promote better 
brickwork and thin joints, the latter being the highly desirable feature 
in the kiln construction. Due to its greater refractoriness, it is also feasible 
to use a 6-in. liner in place of the ordinary 9-in., thus requiring a smaller 
amount of power to actuate the kiln and in addition increasing the kiln 
capacity. 

‘The desired properties of this material as adapted to cement kiln prac- 
tice are dependent not only upon raw materials used but also upon the 
methods of fabrication and manufacture employed. The grinding, mold- 
ing and burning procedures used in the manufacture of refractories have a 
distinct bearing upon the properties of the finished product. 

‘“‘More specific mention may be made of the properties of this high alu- 
minous liner.” 

Fusion Point 

“The fusion point is given as Seger cone 37-38 or 3400°F, Seger scale; 
3308°F, Bureau of Standards scale. -This fusion point is, of course, far 
in excess of temperatures reached in rotary cement kilns giving an ample 
factor of safety in the heating control as well as making it possible to go 
to high temperatures during the coating process.” 


Constancy of Volume at High Temperatures 


‘When subjected to the standard reheat test of the A.S.T.M. (C 27-30) 
calling for a continued temperature of 2552°F, for 5 hrs.—no change to 
slight expansion is shown. With such a property the lining will remain 
tight and rigid.” 

Resistance to Load 

“A contraction of less than 2% is shown when the refractory is subjected 
to a load of 25 lbs. per sq. in. at a temperature of 2462°F, for 1'/2 hrs. 
according to specifications C 16-20 of the A.S.T.M. This load carrying- 
capacity guards against any undue shrinkage in the lining which might be 
caused either by the weight of the clinker or the pressure caused by any 
expansion tendency of the material itself.”’ 


Resistance to Abrasion 


“The material itself is exceptionally tough and strong and resists great 
abuse without showing any appreciable wear, it having a modulus of rup- 


a 
| 


PAPERS AND DISCUSSIONS 449 


ture of from 800 to 1000 Ibs. and an end cold-crushing strength of about 3100 
Ibs. It is highly desirable that a hot zone liner have strong resistance to 
abrasion under high temperatures. 

“The porosity of this refractory lining ranges from 33 to 38%, in com- 
parison to the porosity of 15 to 30% on ordinary fire-clay type of liners, 
yet it shows high mechanical strength. This is due to the fact that the 
relatively high porosity results from the physical makeup to the presence 
of a great many interstitial pores, all of which are relatively small; thus 
the individual pores which go to make up the total porosity are in them- 
selves very small when compared to the pore spaces of many types of liners 
which possess a smaller total porosity. It is into these finely divided pores 
that the cement seeps during the coating process and lays the foundation 
for the much desired protective layer itself. 

“In this connection there is another outstanding reason for success with 
Suprafax in the cement industry. When mixed with varying percentages 
of cement clinker and tested for fusion it is the least affected when compared 
with the more ordinary types of fire-brick liners. The action of the coat- 
ing process is then that the lining, through its finely divided pore spaces, 
allows the clinker to take hold like so many ‘fingers’ and yet does not allow 
these fingers to eat it away rapidly through chemical action. Suprafax 
takes the coating and it holds it.”—L. C. Hewitt, LaClede-Christy Clay 
Products Company, in Cement, Mill and Quarry, April 20, 1924. 


SpecraL Notre: High alumina brick have been eminently successful in rotary 
kilns used for dead-burning dolomite. In one instance substitution of a diaspore re- 
fractory of the following analysis, for magnesite kiln liners, reduced the maintenance 
cost to a negligible quantity, where previously the expense of lining replacement and 
interruption to kiln service had almost made the operation impossible from an economic 
standpoint. Representative analysis of the brick used is AlO;, 82.52; SiO:, 12.08; 
Fe.03, 1.50; CaO, 0.11; MgO, 0.22; Alk., 0.54; TiO., 3.01.—Eb. 


The question of storage of refractories has been brought to the attention of this de- 
partment. What effect does dampness, or water have on brick if they are allowed to 
absorb and hold it for an indefinite time before use? (This query does not take in the 
matter of freezing. Everyone knows that a brick is badly damaged when frozen.) 

Does water dissolve, or otherwise destroy, the bond clay in a refractory brick? 

What is the effect on the service of the brick that has been soaked with water in- 
definitely ? 

If a brick stands for a time exposed to the weather, and becomes soaked with 
water, are there any gases present in the average consuming plant which permeate the 
atmosphere «.’ the yards, which will be absorbed in the water-soaked brick and reduce 
its ability to stand service? What about sulphur fumes, flue gases, and flue dust? 

Can a brick so permeated with water be successfully dried out before laying? 
After laying? (Most brick layers wet the brick before laying although very little water 
gets into the pores of the brick. Furnace operators say they start a furnace slowly to 
dry it out. Do they start it slowly enough?) 

If you have any data on the above questions, jot it down and send it along. The 


450 PAPERS AND DISCUSSIONS 


sales force and sales engineers of every fire-brick organization should be consulted on this 
question and information contributed may help to bring to the consumer the necessity 
of providing adequate dry storage for his refractories. It will help the fire-brick manu- 
facturer for him to do this, and many complaints will be eliminated. 

The consumer has plenty of data on this if he can be made to talk. Get hold of 
him and find out what he thinks. 

C. S. Gantt, purchasing agent of the Baltimore Copper Smelting and Rolling Com- 
pany, one of the country’s foremost advocates of methods by which the consumer can 
get out of the brick all there is in it, recently contributed an article, ‘‘Essential Factors 
Which Increase Life of Refractories.’’! His article touches the handling and storage in 
a very complete manner, and he stresses the necessity of keeping refractories in dry 
storage and states that ‘exposure deteriorates bond and weakens structure.’’—Ep. 


1 Ceram. Ind., October, 242—44(1924). 


ACTIVITIES OF THE SOCIETY 
SUMMER MEETING HELD IN LOS ANGELES 


Seventy-two members and guests of the AMERICAN CERAMIC SOCIETY attended the 
one-day session held at the Biltmore Hotel, Los Angeles, California, October 6, 1924. 
The following program! was given at the morning and afternoon meetings and at seven 


o'clock a banquet was served. 


Morning Session 


1. Opening Address Ross C. Purdy 
General Secretary, AMERICAN CERAMIC SOCIETY 

2. Tableware on the Pacific Coast........... W. G. Jackson 
3. Artificial Sillimanite as a Refractory? .Hewitt Wilson 
University of Washington 

4. Synthetic Sillimanite in Ceramic Bodies .T. S. Curtis 


5. Overhead Transportation in a Clay Plant. 
Eng. Dept., Los Angeles Pressed Brick Co. 


Afternoon Session 


6. Cast Iron Enamels (with microphotographs) A. Malinovszky 
7. Seger’s Rules for Control of Glazes...... Ross C. Purdy 
8. Notes on Terra Cotta Body Shrinkage P. G. Larkin and E. R. Curry 


9. Notes on Development of Vitreous Slips for Terra Cotta 
H. E. Davis and J. S. Lathrop 


10. Tunnel Kilns E. W. Ekstrand 
11. Construction of Kiln Crowns John Sawyer 
Evening 
Banquet at Hotel Biltmore ; 7:00 PM 


Address by F. S. Laurence, Executive Secretary, National Terra Cotta Society 
Entertainment Features: 
Tuesday, Wednesday and Thursday, October 7, 8, and 9 were given over to plant 
visitations with the following itinerary. 
Northern section under the chairmanship of Benjamin Cake, General Superinten- 
dent of the Los Angeles Pressed Brick Company. The following plants were visited 
Los Angeles Pressed Brick Co., Plant 1 
Batchelder Wilson Company 
Tropico Potteries, Inc. 
Empire China Co. 
Pacific Clay Products Co., Plant 4 
The southern trip under the guidance of T. S. Curtis, President of the Vitrefrax 
Company, covered the plants of the 
Washington Iron Works 
Whiting Mead Pottery Co. 
The Vitrefrax Co. 
California Clay Products Co. 
American Grinding Company 
The Los Nietos Plant of Pacific Clay Products Co. 


! These papers will be published in forthcoming issues of the Journal 
2 Part I published in November Journal. 
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On Thursday an excursion was made to the deposits and plant of the Celite Prod- 
ucts Company at Lompoc, California, under the guidance of C. A. Muketta. 


The registration of attendance at the first day’s session was as follows: 


Name Representing Location 
H. B. Potter L. A. Pressed Brick Co. Los Angeles 
H. E. Davis Tropico Potteries, Inc. Glendale 
S. Aronson The Vitrefrax Co. Vernon 
J. L. Davies Pacific Clay Prod., Inc. Los Angeles 
H. A. Huisken The Vitrefrax Co. Vernon 
H. J. Knollman The Vitrefrax Co. Vernon 
J. H. McKnight Craycroft McKnight Co. - Fresno 
F. L. Drinkwater Brick and Clay Record Los Angeles 

Ceramic Industry 

Gregory L. Rogers Los Angeles 
John S. Lathrop Tropico Potteries Glendale 
E. W. Ekstrand Cons. Engineer Los Angeles 
T. A. Klinefelter Gladding, McBean & Co. Lincoln, Calif. 
Geo. Brian Paper Makers Importing Co. Easton, Pa. 
Finlay Drummond The Vitrefrax Co. Los Angeles 
Karl Hart The Vitrefrax Co. Los Angeles 
Rollin L. Lee Abbé Engineering Co. Los Angeles 
B. C. Berg Schurs Oil Burner Co. Los Angeles 
C. A. Muketta Celite Products Co. Los Angeles 
L. F. Barber Southwestern Eng Corp. Los Angeles 
Morgan D. Lalor L. A. Pressed Brick Co. Los Angeles 
Edw. W. Koskinen L. A. Pressed Brick Co. Los Angeles 
Elmer H. Ockerman L. A. Pressed Brick Co. Los Angeles 
B. M. Burchfiel Pacific Clay Prod., Inc. Los Angeles 


A. Pressed Brick Co. Alberhill 
A. Pressed Brick Co. Alberhill 
A. Pressed Brick Co. Alberhill 


Frank C. Schultz 
J. L. Greenwood 
Robert C. Zehm 


Frank R. White A. Pressed Brick Co. Santa Monica 
Fred O. Wanka . Pressed Brick Co. Los Angeles 

B. F. Cake . Pressed Brick Co. Los Angeles 

A. Malinovszky Washington Iron Works Los Angeles 
Ross C. Purdy AMERICAN CERAMIC SOCIETY Columbus, Ohio 
Fred B. Ortman Tropico Potteries, Inc. Glendale 

T. S. Curtis The Vitrefrax Co. Los Angeles 

P. J. McGuire Kennard Eng. Co. Los Angeles 

W. E. Burke American Trona Corp. Trona, Calif. 

D. C. Newmarch L. A. Chamber of Commerce Los Angeles 
Edw. Reynolds Santa Barbara Brick Co. Santa Barbara 
R. W. Ellison The Vitrefrax Co. Los Angeles 

C. J. Phillips N. Clark and Sons Alameda, Calif. 
G. D. Clark, Jr. N. Clark and Sons Alameda, Calif. 
Paul G. Larkin Gladding-McBean Corp. Lincoln, Calif. 
H. W. Weber Russell Eng. Co. St. Louis, Mo. 
G. R. Boggs Empire China Co. Los Angeles 

W. A. Potter Pacific Sanitary Mfg. Co. Richmond, Calif. 
W. H. Hunt Westinghouse High Voltage Insu- 


lator Co. Oakland 
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J. W. Moncrieff 
V. R. Sullivan 

C. Massey 
Thomas C, Walker 
A. L. Gossman 
C. F. Moss 

J. R. Allison 
Gus Larson 

G. J. Poxon 

C. E. Smoot 

H. H. Coors 

C. R. Minton 
John Sawyer 
Arthur D. Storke 
Raymond W. Ager 
Chas. J. Biddle 
R. B. Keeler 
Jno. F. Keenan 
F. Baddeley 

H. S. Kirk 

F. A. Moore 

F. H. Riddle 


Wm. G. Jackson, Jr. 


W. L. Balderston 
Max C. Compton 
H. W. Shepard 
F. S. Laurence 
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Stockton Fire Brick Co. 
Stockton Fire Brick Co. 
Amer. Encaustic Tile Co. 
L. A. Pressed Brick Co. 
Celite Products Co. 
Celite Products Co. 
Celite Products Co. 

L. A. Pressed Brick Co. 
Poxon Pottery 
Smoot-Holman Co. 


I,. A. Pressed Brick Co. 
Kingman Feldspar Co. 
So. Calif. Edison Co. 
Alberhill Coal & Clay Co. 
Calif. Clay Prod. Co. 


Lincoln High School 


Universal Sanitary Mfg. Co. 


Champion Spark Plug Co. 
Empire China Co. 

Pacific Scientific Co. 

L. A. Pressed Brick Co. 


L. A. Chamber of Commerce 


Amer. Terra Cotta Assoc. 


Stockton, Calif. 
Stockton, Calif. 
Los Angeles 
Los Angeles 
San Francisco 
Los Angeles 
Whittier 

Los Angeles 
Vernon, Calif. 
Inglewood, Calif. 
Los Angeles 
Los Angeles 
Los Angeles 
Kingman, Ariz. 
Los Angeles 
Los Angeles 
Los Angcles 
San Diege 

Los Angeles 
New Castle, Pa. 
St. Louis, Mo. 
Detroit, Mich 
Burbank, Calif 
Los Angeles 
Los Angeles 
Los Angeles 
New York, N. Y 


The Executive Committee for the meeting was composed of 

F. B. Ortman Chairman 
Finlay Drummond Treasurer 
C. Berg ...Hotel Arrangements 
H. E. Davis 
T.S. Curtis 
B. F. Cake 

A. Malinovszky 

F. O. Wanka 


Program and Registration 
Southern Trip 
Northern Trip 
Robert Linton 
Gus Larsen 
Ray Boggs 


NEW MEMBERS RECEIVED FROM SEPTEMBER 15 
TO OCTOBER 15 


PERSONAL 

Boedicker, Earl O., 165 N. Portage Drive, Akron, Ohio, Sales Manager, Maurice A 
Knight Co. 

Cox, James, 6227 Reber Place, St. Louis, Mo., Engineer, Russell Engineering Company. 

Dennison, Charles S., 1522 Malasia Road, Akron, Ohio, Superintendent, Maurice A. 
Knight Co. 

Dowling, Guy E., 28 W. Atlantic St., Warren, Ohio, President, The Warren Engineering 
Co. 


_ 
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Fisk, Henry G., U. S. Bureau of Mines, Lord Hall, O. S. U., Columbua, Ohio. 

Godard, Ray S., Box 40, Montreal, Canada, Works Manager, Consumers Glass Co., Ltd 

Goshorn, Robert R., Jr., Clay City, Ind., Indiana Brick & Tile Corp. 

Hall, Edwin J., 212 N. 2nd St., Jeanette, Pa., Plant Chemist, American Window Glass 
Co., Factory No. 2. 

Irish, William E., Erie City Iron Works, Erie, Pa., Works Engineer. 

Jilgen, F., Bobrek O.-S. Julienhiitte, Versuchsanstalt, Germany, Director of Research 

Luckie, John Barton, 509 Oliver Bldg., Pittsburgh, Pa., District Manager, Refractories 
Sales, E. J. Lavino & Co. 

Maloney, Michal, 804 College Ave., Cleveland, Ohio. 

Richardson, John W., Ingram-Richardson Mfg. Co., Frankfort, Ind., Superintendent. 

Sherman, Ralph A., 4800 Forbes St., Pittsburgh, Pa., Assistant Physicist, Bureau of 
Mines. 

Slagle, Edgar A., Box 88, Trenton, N. J., General Manager, Acree Colloidal Chemical 
Co. 

Stewart, J. H., Box 258, Canton, Ohio, Assistant General Manager, The Stark Brick Co 

Westman, Albert E. R., Dept. of Ceramic Engineering, University of Illinois, Urbana, 
Ill., Research Associate. 

CORPORATIONS 
Federal Electric Company, 8700 S. State St., Chicago, Ill. Lee Hall, Representative. 
The Westport Paving Brick Co., Westport, Baltimore, Md. John W. Hall, Representa- 


tive 


Membership Workers’ Record 


Personal Corporation Personal Corporation 


A. W. Buckingham | C. W. Parmelee l 

Paul E. Cox l L. V. Reese l 

J. W. Cruikshank 1 N. L. Schneider l 

K. Endell l Leonard Sheerar l 

Andrew Foltz 1 Office 4 | 
Herbert Goodwin l 

M. A. Knight 2 Total 17 2 
R. D. Landrum l l 


ANNOUNCE PROGRAM FOR ST. LOUIS SECTION! 


The Executive Committee of the St. Louis Section, consisting of F. E. Bausch, 
Chairman, G. E. Thomas, C. W. Berry, and L. C. Hewitt, recently met to outline a plan 
of action for the coming Fall and Winter Sessions. Many good things are in prospect 
for the meetings. The codéperation and attendance of all the members is urged so that 
these meetings may be of utmost value to every one concerned. 

The prospective program is: 

October.—On October 28, the Section met jointly with the American Institute of 
Architects at the Architectural Club, Washington University, at which time mat- 
ters of mutual interest to ceramists and architects were discussed. An exhibit 
of unusual interest was displayed. 

November.—On November 25, it is planned to devote a special meeting to the subject 
of enamels. Every enamel man should be present. This meeting will also be of 


1L. C. Hewitt, Secretary, St. Louis Section. 
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great interest to other than enamel producers as such subjects as enamel furnaces 
will be discussed and an exhibit of enameled products will be on hand. 
January.—An outline of the réle that Industrial Laboratories, such as Arthur D. Little, 
Inc., and Mellon Institute play in the development of the ceramic industry. 
February.—The manufacture of plate glass, illustrated. 
March.—Oil burning for ceramic kilns. 
April.—The manufacture of lead pencils. 


PITTSBURGH SECTION ELECTION! 


At a meeting of the Pittsburgh Section of the AMERICAN CERAMIC SOCIETY held in 
the Mellon Institute on October 3, 1924, H. Foster Robertson was elected Secretary 
to take the place of Mr. Schurecht, who resigned on account of his having accepted a 
position with the Bureau of Standards in Washington. J. Spotts McDowell was 
elected as Vice Chairman. 

The meeting discussed programs and the policy of the Society for local meetings. 


MEETING ON OCTOBER 20 


Members of the Pittsburgh Section of the Society held a meeting on October 20 at 
which time the following addresses were made: Walter Kennedy of the Celite Products 
Co. gave a paper on “Kiln Insulation;’’ W. K. Brownlee of the Buckeye Clay Pot 
Co., Toledo, Ohio gave an address on “‘The Effect of Insulation on Flux Line Blocks 
in Glass Melting Tanks.” 


PACIFIC NORTHWEST CLAYWORKERS’ ASSOCIATION AND 
LOCAL SECTION OF THE AMERICAN CERAMIC SOCIETY? 


The summer meeting of the Pacific Northwest Clayworkers’ Association and Local 
Section of the AMERICAN CERAMIC SOCIETY was held in Spokane, Sept. 26 and 27. 
On the first day the visitors from Seattle, Portland, Yakima, Mead, Clayton, Auburn, 
Granger and Troy, Idaho were taken by auto to visit the kaolin, fire brick, face brick 
and sewer pipe clay pits and plants of the Washington Brick, Lime and Sewer Pipe Co., 
and the American Fire Brick Co.’s plants at Mica, Spear and Clayton. 

Thirty attended the meeting at the Hotel Davenport the following day to discuss 
the subject of marketing clay products. F.T. Houlahan, chairman, presided. Victor 
Piollett, vice-president of the Washington Brick, Lime and Sewer Pipe Co., explained 
the difference between dealers’ merchandising methods in the west and in the east, 
pointing out that in the west the manufacturers had to sell their own products with little 
or no aid from other agencies. A big selling point, he said, was to inject the human touch 
such as displaying the samples attractively and gaining the confidence and approval 
of architects and builders. 

P. S. MacMichael, Northern Clay Co., Auburn, Washington, spoke on “Quality.” 
He condemned price-fixing as harmful to the industry and to the public. He empha- 
sized the need for all manufacturers to strive for quality in their products and for con- 
ducting business on a higher plane. ‘‘One of the best selling arguments,’’ he said, 
“‘will come from the good words passed from mouth to mouth by satisfied users.”’ 

An address on “‘Service’’ was given by Bertram D. Dean, manager of the P. N. W. 
Brick Manufacturers’ Association, Seattle. 


1 J. W. Cruikshank, Chairman. 
2? Hewitt Wilson, Secretary. 


ACTIVITIES OF THE SOCIETY 457 


A. B. Fosseen, President of the Washington Brick, Lime and Sewer Pipe Co., 
declared manufacturers must help one another and praised the association and its 
purpose. He stated that there was no need to fight competitors but instead, show the 
public the superiority of the clay products. He stressed the importance of giving the 
consumer the best under all circumstances and asserted that the time was coming when 
the clay industry would be a more vital factor in the community. 

Hewitt Wilson, University of Washington, spoke briefly on the necessity of in- 
tensive advertising and service to the small builder. 

The afternoon session was followed by a banquet at the Hotel Davenport Saturday 
evening with Mr. Fosseen acting as toastmaster. 


PACIFIC NORTHWEST SECTION MEETING 


Twenty-five members of the Pacific Northwest Section of the AMERICAN CERAMIC 
Society met for a noon luncheon on Oct. 17, in the L. C. Smith Building Restaurant, 
Seattle, Wash., to hear Mr. Ross C. Purdy, General Secretary of the AMERICAN CERAMIC 
Socrety, talk on the development and work of the AMERICAN CERAMIC SOCIETY. 

Mr. and Mrs. Purdy are touring the Pacific Northwest as they return from the 
recent ceramic meeting in Los Angeles. They have visited the ceramic plants in both 
Portland and Seattle, the Ceramic Engineering Department at the University of Wash- 
ington, have taken the beautiful Columbia River Highway drive and have seen the 
beauties of the Seattle boulevards, lakes and Mt. Rainier. 

Those present at the noon day luncheon were: Paul S. MacMichael, Northern Clay 
Co., A. L. Bennett, Northern Clay Co., F. T. Houlahan, C. L. Houlahan and Arthur 
Houlahan, Seattle Brick Tile and Delivery Co.; R. A. Swain, Sam Geijsbeek, H. B. 
MacMillan, Olaf Olsen, of the Denny Renton Clay and Coal Co., Hewitt Wilson, R. D. 
Reed, M. L. Brandenbury, Hobart Goodrich, M. C. Reynolds, J. R. Gednetz from the 
Ceramic Department, Univ. of Washington, W. E. Clark, Washington Brick Lime and 
Sewer Pipe Co., T.S. Lippy, Harper Brick and Tile Co., A. B. Storey, Bothell Brick and 
Tile Co., H. W. Beecher, Charles C. Moore Co., J. O. Hankins, Seattle Pottery Co., 
S. L. Glover, Landes and Glover, Geologists, C. E. Curtis, U. of W., George Stirrat, 


Seattle Brick and Tile Co. 
HEwITT WILSON, Secy. 


REPORT OF RENSSELAER CENTENNIAL 


L. E. Barringer, who acted as representative for the AMERICAN CERAMIC SOCIETY 
at the Centennial Celebration at Rensselaer Polytechnic Institute, Troy, N. Y., Oc- 
tober 3-4, has presented his official report of the meeting. Mr. Barringer states: 
“The Society is constantly becoming better known and that representation at such 
events is highly desirable in maintaining our place among scientific organizations.” 

Mr. Barringer was among the 227 delegates representing educational institutions 
and scientific organizations from all over the world. 

Among the speakers on the general program weré the following men representing 
educational institutions and technical societies. 

Herbert C. Hoover, Secretary of Commerce of the United States 

Frank P. Graves, President, University of the State of New York 

Sir Charles L. Morgan, President, Institution of Civil Engineers of Great Britain 

Henri Abraham, Past President, Society of Electrical Engineers of France 

Luigi Luiggi, President, Society of Civil Engineers of Italy 

Arthur Surveyer, President, Engineering Institute of Canada 
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Palmer C. Ricketts, President, Rensselaer Polytechnic Institute 

Livingston Farrand, President, Cornell University 

James R. Angell, President, Yale University 

Edward A. Birge, President, University of Wisconsin 

Samuel W. Stratton, President, Massachusetts Institute of Technology 

Albert A. Michelson, President, National Academy of Sciences 

Carl E. Grunsky, President, American Society of Civil Engineers 

Frederick R. Low, President, American Society of Mechanical Engineers 

William Kelly, President, American Institute of Mining and Metallurgical Engineers 
Farley Osgood,’ President, American Institute of Electrical Engineers. 


CHROME REFRACTORIES BIBLIOGRAPHY 

L. J. Trostel, Chairman, Committee on Data, Refractories Division, has recently 
undertaken the compilation of a bibliography of articles dealing with chrome refractories 
He has requested that any one keeping card index references on this subject communi- 
cate with him, so that a check may be made on the list which he has in hand. 

Much interest is being shown in the bibliographies which are being issued by the 
Refractories Division. The Magnesite and Silica Bibliographies have been ditributed 
and the bibliography on Clay Refractories under the direction of R. F. Ferguson has 


been compiled in preparation for printing. 
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FALL ACTIVITIES IN CERAMIC SCHOOLS 
All Show Increase for 1924-25 


In reply to a questionnaire recently sent out from the office of the Editor to the 
various Ceramic Departments of the Universities of this country, figures show that there 
is a widespread and increasing interest in educational growth in ceramics. Every one 
of the older schools reports an increase in number of students, a development of courses 
and additions to resources and equipment. ‘Two schools are reporting students for the 
first time in their newly organized departments. 

Alfred University leads in the number of Senior students, reporting 24, with 19 
at Ohio State University and 15 at the University of Illinois. 

The reports from the heads of the Ceramic Departments follow: 


Ohio State University 


1923 1924 

Post graduates 3 3 
Seniors 6 19 
Juniors 17 26 
Sophomores 28 34 
Freshmen! 14 17 
68 99 


1 Freshmen do not register in any particular department but may indicate their 


intention. Hence the Freshmen register is never complete. 
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The Senior class consists of: 


Ammon, M. G. Grady, G. M. Simpson, H. E. 
Arnold, T. M. Lepper, A. E. Stull, Francis 
Austin, J. S. Lower, D. E. Westendick, F. C. 
Bozman, W. D. Mayfield, C. C. Burkhalter, Edward 
Doll, C. E. Porter, P. W. Clawson, C. D. 
Franz, L. J. Senn, W. E. Merrett, C. W. 


Gould, Robert 


Prof. C. B. Harrop having resigned, it was necessary to obtain a teacher for Ceramic 
Engineering, Design and Construction, and Prof. R. C. Sloane of the Civil Engineering 
Department was secured for one year at the end of which a permanent appointment 
By A. S. Warts, Professor, Dept. Ceramic Engineering. 


will be made. 


University of Illinois 


1923 1924 
Freshmen 27 28 
Sophomores 15 26 
Juniors 18 20 
Seniors 18 15 
Special | 
Graduate Students 6 6 
Total 85 95 
List of Senior students: 
Abney, Charles L. Grigsby, Chester E. Levystein, Alan 
Bopp, Harold F. Grout, Jack R. MeNair, Francis G. 
Bradley, Richard S. Halloin, William G. Parmelee, Cullen E 
Fels, Clarence G. Innes, David H. Schoreder, Geo. C. 
Foster, Edwin S. Lampe, Chester E. Whitney, Wm. Percy 


New Instructors 

Dr. A. E. R. Westman, a graduate of the University of Toronto has been appointed 
Research Associate. W. H. Pfeiffer, E. P. Wright and A. J. Paul have been ap- 
pointed to assist in the research program on refractories and porcelain. Six Public 
Utilities companies in the northern part of Illinois have provided funds for research on 
electrical porcelain and refractories. The total amount which has been provided is 
$12,500 each year for two years. 

The Titanium Alloys Manufacturing Company of New York has provided funds 
for research on metal enamels. This investigation as planned is to be conducted during 
the next two years.—By CULLEN W. PARMELEE, Professor and Head of Department 


The New York State School of Clay-Working and Ceramics 
at Alfred University 


1923-24 1924-25 
Seniors 22 24 
Juniors 27 19 
Sophomores 22 31 
Freshmen 37 46 
Specials 3 


Total 111 129 
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Senior Students, 1924-25 


Engineering 
Orray T. Fraser 
George H. Garnhart 
Stoneson Grant 
Leslie F. McConnell 
Henry E. Marley 
David W. Miller 
Remington M. Murphy 
Marvin H. Pond 


Applied art 
Elizabeth Burdick 
Gertrude R. Burgess 
Eleanor E. Craig 
Clarice C. Davis 
Ada R. Mills 
Hazel M. Niver 
Margaret L. Prentice 
Ruth D. Whitford 


Harold M. Rice Mary Alma Wise 

Harold T. Rogers : 

Frederick M. Strate 

Stephen M. Swain 

We Wei Tsou 

Herman Tuckman 

Dr. A. I. Andrews has been appointed Professor of Ceramic Engineering and 

Neal C. Welch has been made laboratory assistant. The new courses offered include 
Ceramic Geology and Mineralogy and Power and Machinery.—By C. F. Binns, Director, 


Iowa State University 

The total enrollment for 1924-25 is 31, an increase of 9 over 1923-24. There are 
9 Freshmen enrolled, and 3 Seniors, one completing the course at the end of the Winter 
Quarter. Among the students is one from British India and one from the Philippines. 

Additional space has been added to the Department, doubling the space occupied 
last year. 

Miss Mary Lanier Yancey, of the H. Sophie Newcomb Memorial College, Tulane 
University, New Orleans, has been added to the Department to handle the work in 
art pottery.—By Paut E. Cox, Dept. of Ceramic Engineering. 


University of Washington 
There are 7 students this year, with one, M. E. Reynolds, a senior. Three were 
graduated last year: H. C. Fisher, now with Norton Co., Worcester, Mass., Wallace 
Thoreseon, Washington Brick, Lime and Sewer Pipe Co., Spokane, and Hilding Johnson, 
Denny Renton Clay and Coal Co., Seattle —By Hewitt Wiison, Ceramic Engineering. 


Pennsylvania State College 


First registration: Freshmen 2, Sophomores 4, Juniors 1.—By J. B. SuHaw, Pro- 
fessor of Ceramic Engineering. 


Georgia School of Technology 
First registration limited to Sophomore students this year with 4 enrolled. The 
building is nearing final stages of completion and will be occupied at once.—By 
A. V. Henry, Dept. of Ceramics. 


DR. GRANGER ELECTED TO CHAIR OF CERAMICS 
M. Albert Granger,’ Docteur Es-Sciences, of La Manufacture Nationale de Sévres, 
writes under date of September 22 that he has been elected to the Chair of Ceramics 
n Le Conservatoire National des Arts et Metiers. Dr. Granger states that he will 
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have his laboratory as formerly at the factory at Sévres. The work at the Conservatoire 
will have to do with ceramic materials, cements and mortars. Dr. Granger has always 
been ambitious to add to his activities as an educator and this new position expands 
opportunity in that field for him, not forgetting the added work he will be able to do in 
research fields. He states that many improvements have been made in the always 
adequate laboratories at Sévres. 


NECROLOGY 


Announcement has been received of the death of William G. Stevenson, on August 
21, 1924. Mr. Stevenson was general manager and treasurer of the National Silica 
Co., Oregon, Illinois. Mr. Stevenson had been a member of the AMERICAN CERAMIC 
Socrety since 1906. 


LENOX, INC., ISSUES FREE FILM 


Lenox, Inc., Trenton, N. J., announces a free moving picture film for educational 
purposes, showing every process in making Lenox China. This film was issued on 
October 1, 1924. Museums, schools, women’s clubs, etc., interested in obtaining this 
film should communicate with J+ Alexander Leggett, 1476 Broadway, New York City. 


BROADCASTING TALKS ON CHEMISTRY BY RADIO 


Six talks on ‘“‘The Réle of Chemistry in Every-Day Life’’ will be broadcast from the 
University of Pittsburgh radio studio of KDKA, of the Westinghouse Electric and Manu- 
facturing Company, of East Pittsburgh, Pa., according to an announcement from the 
University. These talks, which have been especially prepared by members of the 
University’s Department of Chemistry, are scheduled for 8:15 p.m. each Wednesday 
evening, as follows: 

October 8, ‘‘The Place of Chemistry in Every-day Life,”’ by Alexander Silverman, 
M.S., head of the Department of Chemistry. 

October 15, “The Air We Breathe and the Water We Drink,’’ by Kendall S. Besh, 
Ph.D., instructor in inorganic chemistry. 

October 22, ‘“The Food We Eat,”’ by Charles G. King, Ph.D., professor of sanitary 
chemistry. 

October 29, “Coal: A Factor in Industry and Health,”’ by Alexander Lowy, Ph.D., 
professor of organic chemistry. 

November 5, ‘‘Heat and Cold: What They Mean to Us,” by Gebhard Stegeman, 
professor of physical chemistry. 

November 12, “Glass: One of Man’s Blessings,’’ by Alexander Silverman. 

Syllabi containing outlines of the lectures, reading references, and questions for 
the purpose of supplementary study have been printed and are available at a cost of 
twenty cents. These may be obtained by addressing The Radio Manager, University 
of Pittsburgh, Pittsburgh, Pa. 


CORRECTION TO LIST OF GEOLOGISTS 


The following corrections have been issued for the “List of State Geologists’! 


issued recently. 
Arkansas. Geo. C. Branner, State Geol., Fayetteville, Ark. 


1 Bull. Amer. Ceram. Soc., 3 [7], 267(1924). 
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California. Lloyd L. Root, Ferry Bldg., San Francisco, Calif. 

Idaho. Idaho Bur. Mines and Geol., Dean Francis A. Thomson, Moscow, Idaho. 
North Dakota. Prof. A. C. Leonard, State Geol., Grand Forks, N. D. 

New Jersey. H.B. Kiimmel, State Geol., Trenton, N. J. 

Minnesota. Dr. W. H. Emmons, University of Minn., Minneapolis, Minn. 
Oregon. I. A. Williams, Director, Hood River, Oregon. 


CALENDAR OF CONVENTIONS 


Organization Date Place 
AMERICAN CERAMIC SOCIETY ; 

(Annual Meeting) Feb. 16-21, 1925 Columbus, Ohio 
Am. Assn. Adv. of Science Dec. 29, 1924— 

Jan. 3, 1925 Washington, D. C. 
Am. Assn. of Flint and Lime Glass Mfrs. 

(Annual Meeting) July, 1925 Atlantic City, N. J. 
Am. Concrete Institute Feb. 24-27, 1925 Chicago, II. 

Am. Face Brick Assn. Dec. 2-4, 1924 Hot Springs, Va. 
The American Institute Dec., 1924 New York City 
Am. Inst. of Chemical Engrs. Dec. 3-6, 1924 Pittsburgh, Pa. 
Am. Society of Mech. Engrs. Dec. 1+, 1924 New York City 
Common Brick Mfrs. Assn. Feb. 9-13, 1925 Chicago, IIl. 
Eastern Paving Brick Mfrs. Assn. Dec., 1924 New York (?) 
Exposition of Inventions Dec. 8-13, 1924 New York City 
Hollow Bidg. Tile Assn. Jan., 1925 Chicago, Ill. 
Manufacturing Chemists’ Assn. June, 1925 New York City 
Mining & Met. Society of America Jan. 13, 1925 New York City 
Natl. Academy of Sciences Nov. 10-12, 1924 Cambridge, Mass. 
Natl. Assn. of Mfrs. May, 1925 New York City 
Natl. Assn. of Mfrs. of Pressed and 

Blown Glassware March, 1925 Pittsburgh, Pa. 
Natl. Assn. of Stove Mfrs. May 13-14, 1925 New York City 
Natl. Clay Products Industries Assn. April, 1925 Chicago, III. 

Natl. Exposition of Power & Mech. 

Engrs. Dec. 1-6, 1924 New York City 
Natl. Glass Distributors’ Assn. Dec., 1924 Pittsburgh, Pa. 
National Lime Association May, 1925 (?) 

N. J. Clayworkers’ Assn. and E. Sect. 

of the American Ceramic Society Dec., 1924 New Brunswick, N. J. 

Taylor Society Dec. 4-6, 1924 New York City 


Tenth Exposition of Chem. Industries Sept. 28-Oct. 3, 1925 New York City 
Tile & Mantel Contractors’ Assn. of 
America Feb. 9, 1925 Louisville, Ky. 
U. S. Potters’ Assn. Dec., 1924 Washington, D. C. (?) 
Western Paving Brick Mfrs. Assn. Jan., 1925 Kansas City, Mo. 


AMERICAN CERAMIC SOCIETY 


U. S. ROTARY SMELTING FURNACE 
installed in 
POTTERY PLANT SHOWS LARGE SAVING 


J Pract S Kapp 
Sarulary Sollory 


U. 3S. Smelt Purnace Go. 
Belleville, 
pee 
Riche Seo'y-Treas. 


Gentlemen: 


We have been using one of your Bo. No Maintenance 


3 U. 8. Rotary Smelting Purmecee to burn fritt. It hae 
been in operation for about twelve (12) months and has Cost 
given no trouble at 411 and there has been no mainten- 
ance charge against it. 


The saving in labor and time hae Saveslabor, time 
deen @o great that we have not bothered to check the fuel > 
eoneumption accurately, bat we are convinced that the | and fuel 
coet of gas and power per Ton of fritt burned is lees | 
than the coet of coos] formerly used, 

Youre truly, 


UNIVERSAL SANITARY MPC. CO. 


| 
SIZES AND CAPACITIES 
No. 1 No. 2 No. 3 No. 4 No. 4-B 
60 Ib. 150 Ib. 350 Ib. 750 lb. 1200 Ib. 


Description, Photographs, Specifications and Prices Mailed Promptly. 


THE U. S. SMELTING FURNACE CoO. 


BELLEVILLE, ILLINOIS, U.S. A. 
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DRYING 
MACHINERY 


for all 
Clay Products 


Electrical Porcelain 
Sanitary Ware 
General Ware in Moulds 
Dipped General Ware 
Clay Rolls :: Spark Plugs 

Saggers :: Tile 
Refractories :: Brick 


Chemical Stoneware 


PHILADELPHIA, PA. 


PROCTOR & SCHWARTZ, mnc. 
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Air Compressors 
General Electric Co. 


Alumina (Hydrate and Calcined) 
Pennsylvania Salt Mfg. Co 


Alundum (Refractory Products) 
orton 


Auger Machines 
Chambers Brothers Co. 


Automatic Cutters 
Chambers Brothers Co 


Automatic Stove Rooms 
Philadelphia Drying Machinery Co. 


Automatic Temperature Control 
Brown Instrument Co. 


B 


Ball Mills 
Hardinge Co. 
Mueller Machine Co., Inc. 


Batts (Alundum-Crystolon) 
Norton Co. 


Bituminous Coal 
Seaboard Fuel Corp. 


Blocks (Refractory) 
Norton Co. 


Boats, Combustion 
Norton Co 


Borax 
Innis, Speiden & Co. 


analy Acid (Crystal, Granular or Powder) 
Innis, Speiden & Co. 


Brick Making Machinery 
Chambers Brothers Co. 


Bricks (Refractory-Alundum-Crystolon) 
Norton Co. 


Burners (Oil) 
Best, W. N. Corp. 


C 


Carbonates (Barium-Lead) 
Innis, Speiden & Co. 


Caustic Soda 
Pennsylvania Salt Mfg. Co. 


Cements 
Norton Co. 


Ceramic Chemicals 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co, 
Metal & Thermit Corp. 
Paper Makers Importing Co., (Inc.) 
Roessler and Hasslacher Chemical Co. 
Titanium Alloy Mfg. Co. 
Vitro Mfg. Co. 


Ceramic Plant Equipment 
Ceramic 
Chambers Brothers Co 
Mueller Machine Co., Inc. 
Philadelphia Drying Machinery Co. 
Proctor and Schwartz, Inc 


Clay (Ball) 
ohnson-Porter Clay Co. 
aper Makers Importing Co. 
Spinks H. C. Clay Co. 
United Clay Mines Corp. 
Vanderbilt Co., R. T. 


Clay (China) 
Drakenfeld and Co., B. F. 
Edgar Brothers Co. 
Paper Makers Importing Co., (Inc.) 
Roessler & Hasslacher Chemical Co. 
United Clay ~— Corp. 
Vanderbilt Co., R. T. 


Clay (Electrical—Porcelain) 
Edgar Brothers Co. 
Johnson-Porter Clay Co, 
Paper Makers Importing Co., (Inc.) 
Spinks H. C. Clay Co. 
nited Clay Mines Corp. 
Vanderbilt Co., R. T. 


Clay (Enamel) 
Edgar Brothers Co. 
Johnson-Porter Clay Co. 
Paper Makers Importing Co. 
Metal & Thermit Corp. 
United Clay Mines Corp. 
Vanderbilt Co., R. T. 
Vitro Mfg. Co. 


Clay (Fire) 
Edgar Brothers Co. 
Paper Makers Importing Co., (Ine.) 
United Clay Mines Corp. 


Clay (Potters) 
Johnson-Porter Clay Co. 
Paper Makers Importing Co. 
Spinks, H. C. Clay Co. 
nited Clay Mines Corp. 
Vanderbilt Co., R. T. 


Clay 
Brothers Co. 
ok -Porter Clay Co. 
Paper Makers Importing Co., (Inc.) 
Spinks, H. C. Clay Co. 
nited Clay Mines Cor Pp. 
Vanderbilt Co.. R. T. 
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Bringing Nation-Wide 
Inquiries! 


This finest grade of filter- 
ing cloth obtainable has at- 
tracted unusual attention. 
We sell to al! industries, all 
over. The Spiral Overlap 
Weave is its distinguishing 
feature. 

“NEWARK” 

Metallic Filter Cloth 
is already used in all makes 
of filter presses in place of 
cotton, jute, duck, wool and 
other filtering mediums. It 
is made in several different 
grades. It resists acidulous 
and alkaline solutions that 
shorten the life of other filter- 
ing media. 

Its even texture, double surface and scien- 
tific weave give it additional strength and 
durability. It is easily cleaned and cuts toa 
minimum the time spent in pulling down and 
cleaning clogged filter cloths. 

“NEWARK” Metallic Filter Cloth is only 
one of the many superior wire cloths which 
we manufacture. We make all meshes, from 
one space to every 2 inches to 325 meshes per 
inch. In other words, the spaces range from 
2 inches down to .0017 inch. Our spacing is 
ACCURATE. 


Most meshes and all standard widths are 
carried in stock. If specials are desired we 
make them. 

We will gladly answer your inquiries. Pos- 
sibly we can be of assistance to you in de- 
termining what kind of wire cloth is best 
suited to your needs. 


NEWARK WIRE CLOTH CO. 


355-369 Verona Ave., Newark, N. J. 


WHAT ENAMELERS WANT 
An Opaquing Agent to Replace Expensive Tin Oxide 


OPAX 


Is made from Zircon, a domestic ore of which there is an abun- 
dant supply readily available. 

Does not contain antimony, arsenic, lead or tin. 
poisonous. 

Unlike tin oxide, is not affected by fluctuations in price of 
foreign controlled tin. 

Users frequently say, is the best opaquing agent ever developed, 
to replace tin oxide. 

Is being manufactured in a large, chemically controlled plant, 
which insures an ample supply of uniform quality. 


WILL SAVE YOU MONEY 


Send us your order for a barrel (450 lbs.) or a trial hea (125 lbs.) 
at 24 cents per Ib. f.0.b. Suspension Bridge, ew York. 


THE TITANIUM ALLOY MANUFACTURING CO. 
Niagara Falls, N. Y., U.S.A. 


It is non- 
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Clay Handling Machinery 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


Clay Miners 
Edgar Brothers Co. 
Johnson-Porter Clay Co. 
Paper Makers Importing Co., (Inc.) 
Spinks, H. C. Clay Co. 
United Clay Mines Corp. 
Vanderbilt Co., R. T. 


Clay (Wad) 
Spinks, H. C. Clay Co. 


Clay (Wall Tile) 
Johnson-Porter Clay Co. 
Spinks H. C. Clay Co. 
United Clay Mines Corp. 
Vanderbilt Co., R. T. 


Clay Washing Machinery 
Mueller Machine Co., Inc. 


Clay Working Machinery 
Hadfield-Penfield Steel Co, 
Mueller Machine Co., Inc. 


Cloth (wire) 
Newark Wire Cloth Co, 


Coal- (Bituminous) — 
Seaboard Fuel Corp. 


Colors 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Innis, Speiden & Co. 
Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. 


Conditioning Machinery 
Philadelphia Drying Machinery Co. 
Proctor & Schwartz, Inc. 


Cones (Filter) 
Norton Co, 


Conical Mills 
Hardinge Co. 


Controllers 
General Electric Co. 


Conveyors (Clay, Sand, Brick, etc.) 
Hadfield-Penfield Steel Co. 
Philadelphia Drying Machinery Co. 
Mueller Machine Co., Inc 


Controllers, (Automatic Temperatures) 
Brown Instrument Co, 
Engelhard, Charles, Inc. 
Wilson-Maeulen Co., Inc. 


Cores (Alundum Furnace) 
Norton Co. 


Cornwall Stone 
Pennsylvania Pulverizing Co. 


Crucibles (Filter-Melting-Ignition) 
Norton Co. 


Crushers 
American Pulverizer Co. 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Hardinge Co. 
Mueller Machine Co., Inc. 


Crushers (Ring) 
American Pulverizer Co. 


D 


Decorating Supplies 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. 


Discs (Alundum-Porous-Filter) 
Norton Co. 


Dishes (Alundum-Filtering-Ignition) 
Norton Co. 


Disintegrators 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


Dolomite 
Innis, Speiden & Co. 


Dryers (China Ware—Porcelain) 
Ceramic Engineering Co. 
Philadelphia Drying Machinery Co. 
Proctor and Schwartz, Inc. 


Drying Machinery 
Philadelphia Drying Machinery Co. 
Proctor and Schwartz, Inc. 


E 


Electrical Instruments 
Brown Instrument Co. 
Engelhard, Charles, Inc. 
Wilson-Maeulen Co. 


Electric Co: Meters 
Brown Instrument Co. 


Electrical Porcelain Machinery 
Mueller Machine Co., Inc. 


Enameling Equipment, Complete 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 
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B. F. DRAKENFELD & CO. INC. 


Established 1869 


50 Murray Street New York, N. Y. 


Sole Sales Agents to the Glass Industry for 


American Smelting & Refining Co.'s 


DENSE WHITE ARSENIC 


over 99% pure 


E. J. Lavino & Co.’s 


MANGANESE DIOXIDE 


in all standard meshes 
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Enameling Furnaces 
Chicago Vitreous Product Co 
Combustion Utilities Corp 
Ferro Enamel Supply Co! 
General Electric 
Surface Combustion Co. 
The Carborundum Co. 
(Carboradiant) 
The Porcelain Enamel & Mfg. Co. 
U. S. Smelting Furnace Co. 
Viteo Mfg. Co. 


Enameling Furnaces (Electric) 
General Electric Co. 


Enameling Muffies 
General Electric Co. 
Parker-Russefl Mining & Mfy. Co. 
The Carborundum Co. 
(Carbofrax) 


Enameling, Practical Service 


Chicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Enamels, Porcelain 


Chicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 
The Porcelain E a & Mfg. Co. 
Vitro Mfg. Co. 


Service 
Cc 
Chambers Brothers Co. 
Combustion Utilities Corp. 
Hadfield-Penfield Steel Co. 


Equipment (Electrical) 
Generali Electric Co. 


(Porcelain 
Porcelain Enamel & Mig. Co. 


Extruding Machines (Lab. Use) 
Chambers Brothers Co. 


F 


Feldspar 
Clinchfield Products Corp. 
Cummings, J. 

Drakenfeid and Co., B. F. 

Genesee Feldspar Co. 

Harshaw Fuller and Goodwin Co. 
Innis, Speiden & Co. (Jsco) 

Maine Feldspar Co 

O’Brien and Fowler 

Pennsylvania Pulverizing Co. 
Roessler & Hasslacher Chemical Co. 
Vanderbilt Co., R. T. 


Filtering Machinery 
Mueller Machine Co., Inc. 


Fire Brick 
Parker-Russell Mining & Mf. Co. 
The Carborundum Co. 


Flint 
Innis, Speiden & Co. (Carrara) 
National Silica Co. 
Pennsylvania Pulverizing Co. 


Fuel 
Seaboard Fuel Corp. 


Furnaces 
Chicago Vitreous Enamel Product Co. 
Combustion Utilities Corp. 
Ferro Enamel Supply Co. 
Parker-Russell Mining & Mfg. 
The Carborundum Co. (Corboredia ni) 
The Porcelain Enamel & Mfg. Co. 
The Surface Combustion Co. 
U.S. Smelting Furnace Co. 


Furnaces (Electrical) 
General Electric Co. 


G 


Glazes and Enamels 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Supply Co. 
Harshaw, Fuller and Goodwin Co. 
Roessler and Hasslacher Chemical Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Gold 
Drakenfeld, and Co., B. F. 
Harshaw, Fuller and *Goadwia Co. 
Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. 


H 


Hearths 
The Carborundum Co. 
(Carbofrax heat treating) 


, 


Impervite (Refractory and Hard Porcelain) 
Engelhard, Charles, Inc. 


Infusorial Earth 
Innis, Speiden & Co. 


Iron (Enameling) 
American Rolling Mill Co. 
United Alloy Steel Corp. 
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Cut Cost With ARMCO Ingot Iron 
Others Do—So Can You 


HROUGHOUT the enameling industry, 

ARMCO Ingot Iron has for many years 
proved that it is the most economical base metal 
to use for enameling purposes. 


The special process by which ARMCO Ingot 
lron is made produces an unusually pure iron, 
dense and uniform in texture. It is free from 
gas pockets. It has a nappy surface, affording 
the enamel a good “grip.” 


These qualities mean that the enameler using 
ARMCO Ingot Iron will get a higher percentage 
of perfect pieces, with bright and shiny surfaces 
smooth enough to satisfy the most sensitive 


hand. 


ingot Iron 


If you haven’t tried ARMCO Ingot Iron, 
you haven’t cut your cost the way it should 


be cut. 


‘Tron at Its Best” is a mighty 
interesting booklet, full of valu- 
able information. Write for a 


copy. It is free. 


INGOT 
(RON 
THE AMERICAN ROLLING MILL CO., Middletown, Ohio 
Export, The ARMCO International Corporation 


Cable Address—Armco, Middletown, Ohio 


(When writing to advertisers, please mention the JOURNAL) 
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BUYERS’ GUIDE (continued) 


J 


Jiggers 
Hadfield-Penfield Steel Co. 
Mueller Maehine Co., Inc. 


K 


Kaolin 
Edgar Plastic Kaolin Co. 
Harshaw, Fuller and Goodwin Co. 
Roessler & Hasslacher Chemical Co. 
United Clay Mines Corp. 
Vanderbilt Co., R. T. 


Kryolith 
Pennsylvania Salt Mfg. Co. 


L 


Linings (Furnace-Refractory Block-Refrac- 


tory Plate, Brick and Tile) 
Norton Co. 
The Carborundum Co, 


M 


Magnesite 
Innis, Speiden & Co. 


Metals (Porcelain Enameling) 
American Rolling Mill Co. 
United Alloy Steel Corp. 


Mills (See under Ball Mills) 
(See under Pebble Mills) 


Minerals 
Drakenfeld and Co., B. F. 
Harshaw., Fuller and Goodwin Co. 
Roessler and Hasslacher Chemical Co 
Vitro Mfg. Co. 


Mixing Machines 
Chambers Brothers Co. 


Muffies (Furnace) 
Norton Co. 
The Carborundum Co. (Carbofrax) 


Muriatic Acid 
Harshaw, Fuller and Goodwin Co. 
Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co 


N 


Nitrates (Cobalt, Sodium) 
Innis, Speiden & Co. 


(When writing to advertisers, please mention the JOURNAL) 
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Oil Burners 
Best, W. N. Corp. 


Opacifiers 
Titanium Alloy Mfg. Co. 


Operators (Coal) 
Seaboard Fuel Corp. 


Oxides 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Innis, Speiden & Co. 
Paper Makers Importing Co., (Inc.) 
Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co. 
Titanium Alloy Mfg. Co. 
Vitro Mfg Co. 


P 


Pans (Wet and Dry) 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


Pebble Mills 
Hadfield-Penfield Steel Co. 
Hardinge Co. 
Mueller Machine Co., Inc. 


Placing Sand 
Pennsylvania Pulverizing Co. 
National Silica Co. 


Plate Feeders 
Chambers Brothers Co 
Hadfield-Penfield Steel Co 


Plates (Filter) 
Norton Co. 


Porcelain Enameling Service, Practical 
Chicago Vitreous Enamel] Product Co. 
Ferro Enamel Supply Co. 

The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Porcelain Enamels 
Chicago Vitreous Enamel Product Co 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Potash (Carbonate) 
Innis, Speiden & Co. 


Pottery Machinery 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


Electric vitreous enamel 
furnace equipped with G-E 
Direct-Heat Units and 
Automatic Temperature 
Control 


G-E Industrial 
Heating Specialists 
will gladly help you 
work out a better 
vitreous enamel 
furnace plan— 
through the proper 
application of elec- 
tric heat. 


JOURNAL OF THE 


Electric Vitreous Enameling 


Improving the product and reducing the cost of 
production are actual facts in the application of 
electric heat thru G-E Direct-Heat Units to 
vitreous enamel furnaces. 


G-E Direct-Heat Units in your furnace mean 
no muffies to sag or break—no combustion gases 
and dirt—elimination of rejects due to spoilage 
by furnace—decreased labor for operating—and 
minimum upkeep on equipment. 


G-E Direct-Heat Units radiate quick, clean heat 
direct to the charge—electric heat so uniformly 
distributed throughout the furnace, and so accu- 
rately controlled that the maximum speed and 
highest quality of vitreous enamel are obtained. 


General Electric Company 
Schenectady, N. Y. 


Sales Offices in all large cities 


GENERAL ELECTRIC 


$9-107D 
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BUYERS’ GUIDE, (Continued) 


Pug Mills 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co, 
Mueller Machine Co., Inc. 


Pulverizing Machinery 
American Pulverizer Co. 
Hadfield- Penfield Steel Co 
Hardinge Co. 

Mueller Machine Co., Inc. 


Pulverizing Millis 
Hadfield-Penfield Steel Co. 
Hardinge Co. 

Mueller Machine Co., Inc. 


Pulverizers (Ring) 
American Pulverizer Co 


Pumps 
Mueller Machine Co., Inc. 


Pyrometers (Indicating) 
Brown Instrument Co. 
Engelhard, Charles, Inc. 
Wilson-Maeulen Co., Inc. 


Pyrometers (Recording) 
Brown Instrument Co. 
Engelhard, Charles, Inc. 
Wilson-Maeulen Co., Inc. 


Pyrometer (Switches) 
Brown Instrument Co. 
Wilson-Maeulen Co. , Inc. 


Pyrometer Tubes (Refractory and Hard 
Porcelain) 
Brown Instrument Co. 
Engelhard, Charles, Inc. 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 
Wilson-Maeulen Co., Inc. 


R 


Recording Instruments 
Brown Instrument Co. 
Engelhard, Charles, Inc. 
Wilson-Maeulen Co., Inc. 


Recuperators 
Combustion Utilities Corp. 


Refractories 
Norton Co. 
The Carborundum Co. 


Refractory Materials 
Parker-Russell Mining & Mfg. Co. 


Regulators (Automatic Temperatures) 
Brown Instrument Co. 
Engelhard, Charles, Inc. 
Wilson-Maeulen Co., Inc. 

(When writing to advertisers, please mention the JOURNAL) 
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Saggers 
Norton Company 
The Carborundum Co. 


Sagger Presses 
Chambers Brothers Co, 
Hadfield-Penfield Steel Co, 
Mueller Machine Co., Inc. 
Watson-Stillman Co. 


Screens 
Newark Wire Cloth Co. 


Selenite of Sodium 
Drakenfeld and Co., B. F. 
Vitro Mfg. Co. 


Shippers (Coal) 
Seaboard Fuel Corp. 


Silica Brick 
Parker-Russell Mining & Mfg. Co. 


Silex Lining 


Hardinge Co. 


Sillimanite (Synthetic) 
Norton Co. 


Slabs (Furnace) 
Norton Co. 


Smelters 
Ferro Enamel Supply Co. 
Parker-Russell Mining & Mfg. Co. 
The Surface Combustion Co. 
U. S. Smelting Furnace Co 


Soda Ash 
Innis, Speiden & Co. 


Sodium Antimonate 
Metal & Thermit Corp. 
Vitro Mfg. Co. 


Sodium Fluoride 
Innis, Speiden & Co. 


Spar 
Maine Feldspar Co. 
Pennsylvania Pulverizing Co. 
Vanderbilt Co., R. T. 


Sulphuric Acid 
Drakenfeld and Co., B, F. 
Harshaw, Fuller and Goodwin Co 
Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co. 
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COAL FAC TS 


HOW MUCH DO YOU PAY 
FOR ASH, ROCK AND DIRT? 


All coal contains a certain amount 
of ash, but good coal, is coal which 
contains a minimum of dirt, and no 
rock. 


When you purchase SEABOARD 
COAL, you are assured of freedom 
from these valueless foreign sub- 


stances and of fuel which is—- 


LOW IN ASH, SULPHUR AND VOLATILE 
OF HIGH FUSING POINT, and 
NON-CLINKERING 


A ton of SEABOARD FUEL IS A 
TON OF MAXIMUM HEAT 
PRODUCING COAL 


South Broad St. & so Broadway 
Philadelphia rt New York City 


(When writing to advertisers, please mention the JOURNAL) 
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BUYERS’ GUIDE 


T 


Tachometers 
Brown Instrument Co. 


Talc 
Innis, Speiden & Co. 


Temperature Instruments (Measuring) 
Brown Instrument Co. 
gelhard Charles, Inc. 
Wilson-Maeulen Co., Inc. 


Thermocouples 
Brown Instrument Co 
Wilson-Maeulen Co., Inc. 


Thermometers (Electric Resistance) 
Brown Instrument Co. 
Engelhard Charlies, Inc. 

WwW ~Maeulen Co., Inc 


Thimbles (Filtering Extraction) 
Norton Co. 


Tile Machinery (Floor and Wall) 
Mueller Machine Inc. 


Titanium 
Titanium Alloy Mfg. Co. 


Tubes (Insulating) 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co 


Tubes (Pyrometer) 
Brown Instrument Co. 
Engelhard Charlies, Inc. 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 
Wilson-Maeulen Co., Inc. 


Vacuum Pum 
Mueller Machine Co., Inc. 
Wet 


The Porcelain Enamel & Mfg. Co. 
Ferro Enamel Supply Co. 
Vitro Mfg. Co. 


Whiting 
Drakenfeld and Co., F, 
Harshaw, Fuller and Goodwin Co, 
Innis, Speiden & Co. 
Roessler and Chemical Co. 
Vanderbilt Co., 


Witherite 
Innis, Speiden & Co. 


Zirconia 
Titanium Alloy Mfg. Co. 
Vitro Mfg. Co. 


THE H. C. 


SPINKS CLAY CO. 


Miners and Shippers of High Grade 
Ball, Sagger and Wad Clays 


A DEPENDABLE SOURCE OF SUPPLY 


Inexhaustible and Uniform Deposits 


Ample Equipment 


A Good Organization. 


5th & Monmouth 


Newport, Ky. 


(When writing to advertisers, please mention the JOURNAL) 
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An Insight to the Greatest Improvement in 
Enameling Furnaces in Years 


THE CARBO-RADIANT 


THE FURNACE THAT HEATS BY RADIATION 


a cross sections clearly show the 
principles and construction of the 
Carbo-Radiant Furnace—the furnace 
that heats by radiation. 


The illustration to the left shows the 
position of one of the Carbofrax com- 
bustion chambers. There are two of 
these chambers, one at each side of the 
furnace. 


Into these chambers is shot either gas 
or oil fuel, in a long, thin flame. The 
flame passes through the upper and 
lower halves of the chamber and by 
the time it reaches the end complete 
combustion has taken place. 


The heat radiation from the Carbofrax 
chambers is so efficient that it is possi- 
ble to bring the furnace from room tem- 
perature to enameling heat in five hours. 


The chambers are constructed of Car- 
bofrax tile. There is no other refractory 
material that has the high heat con- 
ductivity of Carbofrax. 


HE illustration to the right shows by 

the arrows the passage of the burn- 
ing gases through the Carbofrax cham- 
bers, down under the hearth and out 
the stack. 


There is no muffle. Quick, clean, uni- 
form heat is brought to the ware by 
radiation, direct from the chambers. 
None of the brickwork in the furnace 
comes in contact with flame or gases. 
The furnace is practically of permanent 
construction. 


By this method of heat by radiation, 
a uniform temperature is guaranteed. 
And you get a greater production of 
better burned ware because you can 
load this furnace right up to the door 
jambs. 


The Carbo-Radiant Furnace has created 
no end of talk among the enameling 
fraternity. One big plant is now putting 
in twelve of them. It’s a furnace you 
should consider. 


For more detailed information write our Sales Engineering Department 


THE CARBO-RADIANT FURNACE 


is patented, designed, built, installed and guaranteed by 


The Carborundum Company, Perth Amboy, N.J., U.S.A. 


(When writing to advertisers, please mention the JOURNAL) 
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CLASSIFIED ADVERTISING 
Professional Services 


Do you feel as though you are 
in the wrong position? If you do 
and want to make a change, use 
these columns. 


OR 


Maybe you are an employer 
and want a man for a certain type 
of work. There is no better way 
to get an unbiased opinion of the 
man you are seeking than by ask- 
ing for such a man here. 


American Ceramic Society 
Lord Hall, O. S. U. Columbus, Ohio 


The Journal of the Society of Glass Technology 


A quarterly Journal containing original papers and abstracts 
of papers covering the whole field of Glass Technology. 


ANNUAL SUBSCRIPTIONS TO SOCIETY (Including Journal) 


Price per Number to 


Price per volume (unbound) to non-Members...........seeceescereeeeeeseeesees 
Forms of application for membership may be obtained from the American Treasurer of the 
Society, Mr. Wm. M., Clark, Ph.B., Nela Park, Cleveland, Ohio. 

Address orders and inquiries to: The Secretary, Society of Glass Technology, The 
University, Sheffield, 


(When writing to advertisers, please mention the JOURNAL) 
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Ceramic 


Brevities 


In March of this year Henry L. 
Doherty and Company announced the 
acquisition, through Combustion Util- 
ities Corporation, of the Surface Com- 
bustion Co., Inc., industrial furnace 
engineers and manufacturers. 


Combustion Utilities Corporation 
has just announced the consolidation 
of the personnel and activities of its 
appliance and industrial furnace de- 
partments with those of the Surface 
Combustion Co., Inc. The greater 
organization continuing under the 
name of the Surface Combustion Co., 
Inc., will be the Utilization division of 
Combustion Utilities Corp. 


Under the consolidation Henry O. 
Loebell continues as President of the 
Surface Combustion Co., Inc.; E. E. 
Basquin, Vice-President and General 
Manager, W. M. Hepburn, Vice- 
President, Frank H. Adams, Treas- 
urer; and E. M. Doig, Secretary. 
Paul J. Nutting, formerly in charge of 
Toledo Appliance Division of Com- 
bustion Utilities Corporation, becomes 
Vice-President in charge of production. 
C. B. Phillips, former sales manager 
Toledo Division, becomes Vice-Presi- 
dent and Sales Manager of the Stock 
Furnaces Division, which will include 
all the well-known “Improved” and 
“Utility” appliances, and the “Blue 
Line” furnaces. F. W. Manker, pre- 
viously in .charge of Combustion 
Utilities large furnace department, be- 
comes Vice-President and will be as- 
sociated with Mr. Hepburn in the 
Large Furnace Division. 


The Surface Combustion Co., Inc., 
sales and general offices will be con- 
tinued at 366-368 Gerard Avenue, 
New York and all production at the 
Toledo Works, 2288 Albion Street, 
Toledo, Ohio. 


In commenting on this consolida- 
tion Mr. Loebell said, “This consoli- 
dation unites in one unit the utiliza- 
tion, engineering and sales personnel 
of these two organizations, so well- 
known “Wherever Heat is Used in 
Industry.’ It brings to all industries 
the skilled services of the largest 
family of combustion engineers, whose 
skill is exemplified in equipment for 
the utilization of fuel with the utmost 
economy, but which makes for easier 
control. We will continue to forge 
ahead and force progress in efficient 
fuel utilization in industry, by pro- 
viding a complete line of furnace 
equipment, and a well rounded or- 
ganization to assist all industry in its 
great strides forward.” 


Mr. Clyde Thomas, formerly with 
The Mansfield Vitreous Enameling 
Company and the Cincinnati Enamel- 
ing Company, is now in charge of the 
new enameling plant of Findlay Bros. 
Co., Ltd., Carleton Place, Ont. Al- 
though this plant is comparatively 
new, they are turning out a very good 
production, and doing excellent work. 
The plant was equipped by Ferro 
Enamel Supply Co. 


Mr. Ben Butler, recently of The 
Ferro Enameling Cornpany, has 
become associated with the Thatcher 
Furnace Co., Newark, N. J., as 
enameling superintendent. Like- 
wise Mr. H. Livesay, of the Ferro En- 
ameling Company is now associated 
with Rhinelander Refrigerator Com- 
pany, Rhinelander, 
enameling plant superintendent. 


Wisconsin, as 


(When writing to advertisers, please mention the JOURNAL) 
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THE PARKER RUSSELL CO. 


ST. LOUIS 


BUILDERS OF 
RO-MACK Enameling Furnaces 
HIGH TEMPERATURE FURNACES 


For all Purposes ’ 
HIGH GRADE REFRACTORIES 
— — 
Pyrometer Tubes—Protection Tubes—Combustion Tubes 
McDanel Refractory Porcelain Company 
Beaver Falls, Pennsylvania 
UNUSUAL - SHAPES - OUR - SPECIALTY - 
HIGH GRADE 
OF EVERY KIND—FOR EVERY PURPOSE 
UNITED CLAY MINES CORPORATION TRENTON, N. J. 
CRUDE FELDSPAR 
Porcelain Dental 
O’Brien & Fowler 
114 Wellington St. Derry Quarries, Buckingham, Que. Ottawa, Canada 
SEND FOR THE BLUE PRINT 
Describing our new BOBLOY Pointed Loop Racks, Plain Loops, 
Point Bars, Tee Bars. ‘The finest metal marketed at its price. 
THE FERRO ENAMEL SUPPLY CO. CLEVELAND, O. 
FELDSPAR 


POTASH & SODA. GRADES AND GRINDINGS 
TO MEET ALL REQUIREMENTS ' 


POINEERS—STILL LEADERS—THERE IN EMERGENCIES 


CLINCHFIELD PRODUCTS CORP. Sins 


ERWIN, TENN. 


350 Madison Ave., 


New York BEDFORD, N. Y. 
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At the 
Mt. Clemens 
Pottery Co. 


The Mt. Clemens Pottery Co., 
Mt. Clemens, Mich., controls the 
temperatures in their Harrop Tun- 
nel Kilns with the aid of Wilson-Maeulen pyrometers. 


Besides making efficient burning possible Wilson-Maeulen Pyrom- 
eters are, in themselves, economical—a slightly higher investment 
insures many more years of service. 


Complete pyrometer catalog sent with our compliments on request. 


WILSON-MAEULEN CO., INC. 
Makers of Good Pyrometers 
386 Concord Ave. NEW YORK CITY 


ILSON-MAEULEN 
PYROMETERS 


WATSON-STILLMAN SAGGER PRESSES 
eee, MAKE BETTER SAGGERS 


at 


LOWER COST 


These Machines press 
saggers from solid wads 
ofclay. Our sagger dies 
have no joints to work 
loose or open under pres- 
sure, this insures a hom- 
ogeneous product and 
reduces to a minimum 
the losses in firing. 


Write for Balletins 
and fall information 


The Watson-Stillman Co. 


Showing a 50 Ton Sagger Press 
Outfit Complete equipped with 28 DEY STREET, NEW YORK 
dies for making Elliptical Sagger. Chicago, McCormick Building 


Philadelphia, Widener Bldg. 
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CATALOG No. 144 
Just Printed 


64 Pages 
126 Illustrations—4 Colors 
Prices, etc. 


A most complete presenta- 
tion of the vital improve- 
ments of the past five years 
which have brought “Brown 
Pyrometers”’ to their present 
perfection, and the practical 
advantages which these in- 
struments offer the Ceramic 
Industry. 


WRITE FOR YOUR 
COPY NOW!! 


The Brown Instrument Company, 
4505 Wayne Avenue. Philadelphia, Pa. 


New York Boston Pittsburgh Cleveland Columbus 
Detroit Chicago St. Louis Birmingham Denver 
Houston Tulsa Los Angeles ontreal 


MAINE FELDSPAR COMPANY 
Grinders of 
Mt. Apatite Spar 
Mills Main Office 
Auburn and Topsham, Maine Brunswick, Maine 


Sales Agents 
Charles M. Fransheim Co., Wheeling, W. Va. 
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JOHNSON-PORTER 


CLAY COMPANY 
McKENZIE, TENNESSEE. 


Producers of High Grade 
Clays for all Branches 
of the White Wares 

Industry. 


Purchase your Bali, Sagger 
and Wad Clays direct from 
the producer, and thus 
know who is responsi- 
ble for their 


quality. 


1816 CED 1924 


“Over a Century of Service and Progress” 


South Dakota 


FELDSPAR 


An extremely high-grade 
Potash Spar ground in 
our own mills under 
constant and thorough 
chemical control. 


Capacity up to 300 Tons Daily 
We solicit your inquiries 
INNIS, SPEIDEN & CO., Inc. 


Importers, Manufacturers, Exporters 
46 CLIFF STREET NEW YORK 
Branches: 


PHILADELPHIA CHICAGO 
GLOVERSVILLE 


BOSTON 
CLEVELAND 


PENNSYLVANIA PULVERIZING CO. 


LEWISTOWN, PENNA. 


Pure Canadian Potash Feldspar 


Potters Flint 


Placing Sand 


SALES OFFICE 
323 Fourth Avenue 
Pittsburgh, Pa. 
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To all Manufacturers and Gas Companies 
which are inquiring about the recent join- 
ing together of the Surface Combustion 
Company and the Combustion Utilities 
Corporation, it means simply this: 


To the Manufacturer! 


When you install a new industrial furnace, 
or remodel your old furnaces you will 
have at your service the most complete 
furnace manufacturing facilities in the 
world, and the largest and most broadly- 
trained family of industrial heating engi- 
neers—always within easy reach of your 
plant. And, what is more, the cost of 
this improved service will not exceed the 
cost of the more limited service formerly 
available 

To the Gas Company! 

By cooperating with our engineers, who 
are located in large cities throughout the 
country, it means that you can render 
complete advisory service to the manu- 
facturers in your territory. In other 
words, your Industrial Sales Division will 
have the aid and guidance of trained engi- 
neers, who, from experience, know what 


1. Fuel Surveys 


. Plant Layout 

Complete Standardized 
Furnaces 

. Complete Furnace De- 

signs 


wr 
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And what does it mean? 


equipment will best fulfill your client’s 
needs. With this added new service, your 
client will be doubly assured of satisfaction 
from his heating equipment. Good-will 
will develop. 


To the Science of Industrial 
Heating! 


It means that by uniting the financial re- 
sources, the broad experiences, and the 
manufacturing facilities of the Surface 
Combustion Company and the Combustion 
Utilities Corporation, the application of 
Gas for Industrial use will advance more 
rapidly. Particularly so, since the service 
rendered by Gas is limited by the perform- 
ance of the appliance which consumes it. 
Better gas furnaces mean better gas service. 


And bear in mind, this broader service is 
not limited to any single branch of Industrial 
Heating. It serves the smallest baker and 
the largest steel plant—irrespective of 
size, the same helpful cooperation is given. 
To insure this, eight distinctly different 
services are now available. Each is devoted 
to one phase of Industrial Heating— 


5. Converting Existing 
Furnaces 


6. Developing Specialized 
Furnaces 


7. Stock Furnaces 
8. Auxiliary Equipment 


With this new spreading organization entirely devoted to Industrial Heating, and with 
trained engineers always accessible to the Gas Company and the Manufacturer, the applica- 
tion of Gas to Industry will eventually become Universal. 


ra 


THE 


General O fiices: 


Utilization Division 


of the GERARD AVE. AND 145th ST. 
CoMBUSTION UTILITIES 
CORPORATION BRONX, NEW YORK 
Branch Offices: 
Hartford Pittsburgh Boston Buffalo Philadelphia Seattle 
Toronto Detroit Baltimore Chicago St. Louis Birmingham 
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PROFESSIONAL 
DIRECTORY 


D. J. DEMOREST, 


Metallurgical Engineer — Analytical Chemist 
Silicates, Coals, Gases, etc. 
Specialties 


Lord Hall, O. S. U. Columbus, Ohio. 


THE SHARP-SCHURTZ COMPANY 


Chemists for the Ceramic Industry 


Lancaster, Ohio, U. S. A. 


LOUIS G. ROBINSON LABORATORIES 


Consulting Ceramists 
for the 
Enamel and Silicate Industry 


Chemical Analyses 
Raw Materials and Products 


31 E. Fourth St. Cincinnati, O. 
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ENGELHARD PYROMETERS 


Here is a reliable guide along the pathway to the 
quickest burn—a guide that you can depend on 
for correct temperature information. And you 
will find that an Engelhard Pyrometer system 
has a way of delivering correct temperature in- 
formation over a period of years at a cost for 


maintenance that will pleasantly surprise you. 


CHARLES ENGELHARD INC. 
30 Church St., N. Y. City. 


| Quality Unifermity Experience 
N Edgar QUALITY Claus | 
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If you want pyrometer protection tube satisfaction 


USE 
Montgomery Hard Porcelain Pyrometer Tubes 


All Sizes and Lengths for either Platinum or Base Metal 
Couples 
The Best Liked and Most Largely Used 
Protection Tubes on the Market today 
If the manufacturer of your ay = manag cannot supply 


you, write us t. TRADE MARK 
MONTGOMERY PORCELAIN PRODUCTS CO. 
FRANKLIN, OHIO, U. S. A. 10-22 


For Fine Porcelain Enamel 


Toncan Metal used as a base 


for porcelain enameling in- 
sures a lasting, brilliant 
finish, free from blemish 


Economical because it re 
duces waste. Write us for 


full information NATIONALLY ADVERTISND 


The United Alloy Steel Corporation, Canton Ohio, 


wey 


“BETTER KILNS FOR 


CLAY PRobUCTS” | 
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ENGELHARD PYROMETERS 


Here is a reliable guide along the pathway to the 
quickest burn—a guide that you can depend on 
for correct temperature information. And you 
will find that an Engelhard Pyrometer system 
has a way of delivering correct temperature in- 
formation over a period of years at a cost for 


maintenance that will pleasantly surprise you. 


CHARLES ENGELHARD INC. 
30 Church St., N. Y. City. 


Quality Uniformity Experience 


Edgar QUALITY Clays 
REALLY washed—Highest percentage clay substance 


Brands Preduced by 
Edgar Florida Kaolin. Edgar Plastic Kaolin Co. 
Edgar Georgia Paper Clay and Kaolin... .Edgar Brothers Co. 
Lake County Florida Clay.........-.-. Lake County Clay Co. 


One Management— Office, Metuchen, N J. 


Brick Making Machines 


Crushers Grinders Mixers 
Automatic Cutters 


Chambers Bros. Co. 
Philadelphia Pa. 
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If you want pyrometer protection tube satisfaction 


USE 
Montgomery Hard Porcelain Pyrometer Tubes 


All Sizes and Lengths om aes Platinum or Base Metal 
ouples 
The Best Liked and Most Largely Used 
Protection Tubes on the Market today 


If the manufacturer of your pyrometer = aaa cannot supply 


you, write us d TRADE MARK 
MONTGOMERY PORCELAIN PRODUCTS CO. 
FRANKLIN, OHIO, U. S. A. 10-22 


For Fine 


Toncan Metal used as a base 


for porcelain enameling in- 
sures a lasting, brilliant AN> 
finish, free from blemish. 


Economical because it re- METAIN” 


duces waste. Write us for 
full information. NATIONALLY ADVERTISED 


The United Alloy Steel Corporation, Canton Ohio. 


“BETTER KILNS FOR CLAY PRODUCTS” 


(Bulletin No. 3) 


A request on your letterhead will secure a 
free copy of this valuable 32-page booklet. 


THE CERAMIC ENGINEERING CO. 
SCHULTZ BLDG. COLUMBUS, OHIO 


HADFIELD CLAY PLANT EQUIPMENT 


PENFIELD 


STEEL CO. We build every machine and appliance required 
for making various Clay Products. Correspon- 
dence solicited. We also build Rotary Driers, 

UT RIGHT) Cement Mchy., Fuel Oil Engines (Diesel Type), 
ween ay Gasoline Locomotives, Ship Deck Equipment, etc. 


The Hadfield-Penfield Steel Co., Bucyrus, Ohio. 


- BUCYRUS OHIO Formerly The American Clay Mchy. Co. 
1-22 
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Paris Crystal Spar 


Designates 


Pure Crystal Spar 
No Free Quartz 


No Impurities 


A. C. PERHAM West Paris—Maine 


This is one of 
the types of 
American Ring 
Pulverisers that 
will handle your 
job. 


When You Buy—Consider It! 


When you are in the market for pulverizing We assure you that it does an unapproach- 
equipment, include the American Ring able job on grog, glass cullets, coal and 
Pulverizer in your investigations. clay: but don’t be convinced by our state- 
ment. Ask for the actual facts and figures 


See h he ri od i i 
ow the ring method of crushing brings b 


lower operating cost and an elimination of 


costly shut-downs. successful companies. 
AMERICAN PULVERIZER CO. 
18th and Austin Sts., St. Louis, U. S. A. 


AMERICAN Ring PULVERIZERS 


(When writing to advertisers, please mention the JOURNAL) 
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A superior burner backed by thirty-four years 
of successful practical application in every in- 
dustrial field. —If heat distribution is de- 
sired consult our engineers. 


Catalogs upon request 


W. N. BEST Corporation 
11 BROADWAY NEW YORK 


J. W. Cummings 
Feldspar Co. 


Miners and Pulverizers 


| Bath Maine Feldspar Maine 


(When writing to advertisers, please mention the JOURNAL) 


W. N. BEST Oil Burners 
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ving 
Operating Costs 
| Warrants New 
“HURRICANE” Equipment 


HIS is proved every day by growing numbers of progressive 
manufacturers who keep careful records of costs in using 
“HURRICANE” Dryers. That others may have a clear 

idea of how quickly investment is wiped out and of the size of 
consequent savings a number of disinterested surveys have 
been made. We will be glad to supply data that will be of 


value to you. 
Write for Complete Information 


THE PHILADELPHIA DRYING 
MACHINERY COMPANY 


Manufacturers of Ceramic Drying Machinery 
Stokley St., above Westmoreland, Philadelphia, Pa. 


Canadian Agents: New England Agency: 
Whitehead, E: , Lid. Hurricane Engineering Co. 
Montreal and Hamilton 53 State St., Boston, Mass. 


A Real Blunger— 


A Post Card will bring you full particulars of this machine. 


By the way, have you our Catalog? 


THE MUELLER MACHINE CoO. 


TRENTON, NEW JERSEY 


| 
| 
| 
< 
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GENESEE 
CANADIAN FELDSPAR 


UNIFORM 
FINENESS 


COLOR 
CONTENT 


Genesee Feldspar Company, Inc. 


Successors to 


Pennsylvania Feldspar Co. 
ROCHESTER, New York 


Improved manufacturing methods permit us to 
offer an apacifier which gives 


RESULTS equal to OXIDE of TIN 


in Enamels for Steel and Cast Iron 


Try 


VITROZIRCON 


The Ideal Zirconia Opacifier 


THE VITRO MANUFACTURING CO. 


Pittsburgh, Pa. 


(When writing to advertisers, please mention the JOURNAL) 
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SOLE IMPORTERS OF 


ENUINE | 
K RYO GREENLAND 
FOR THE GLASS AND 
ENAMEL TRADES 


MANUFACTURERS OF 


NATRONA 
HYDRATE and OXIDE Al Vi A 
FOR THE GLASS, ENAMEL 
AND PORCELAIN TRADES 


And Other INDUSTRIAL CHEMICALS 


Pennsylvania Salt Manufacturing Co. 
PHILADELPHIA, PA. 
New York Pittsburgh St. Louis 


The National Silica Co. 


OREGON, ILL. 


Producers and Pulverizers of 


FLINT 


exclusively for 


Pottery Purposes 


99.97% Pure Silica 140 Silk Lawn Test 


(When writing to advertisers, please mention the JOURNAL) 
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Over the Bin 
to the Scrap-pile! 


is the cry of the enameling department inspector. And when the 
inspector says that, the enameling plant superintendent starts on a 
trip to the same place—either figuratively or actually. 


Many times it is the fault of the enamel. entire loss. Divide by the number of 
And troublesome enamel will impose on _ pounds in that shipment of enamel. Add 
a scrap-pile in many ways. But the the result to the pound cost of the 
scrap-pile will get even in theend. It enamel as it appeared on your bill. 
will get even by showing the real cost Nine chances out of ten you are 
of the enamel. paying more than Pemco enamels will 


: . f cost you. And think of the trouble 
The next time you receive a shipment —_ yoy are having. 


of enamel, clean out your scrap-pile. Use 


up the enamel. Let us send you a barrel of Pemco enam- 


els on memorandum bill with a service 
Then take account of your scrap-pile. man to demonstrate them. If you are 
Count every piece, its size and its cost. not entirely satisfied, the demonstration 
The amount of enamel on it, the cost of and the enamels will not cost you a 
the labor to apply it, the cpst of the iron, penny. Nor will it place you under 
and the cost of the fuel. Total the the slightest obligation. 


The Porcetrain Enamet & Mec. Co. 
BALTIMORE ‘ MARYLAND 


| 
— 
i 
| 
CF ISS Price | 


1892 means 1923 | 


THIRTY-ONE YEARS EXPERIENCE OF IM- 
PORTING THE HIGHEST GRADES OF 
ENGLISH BALL AND CHINA CLAYS 
ALSO OF MINING HIGH GRADE 
DOMESTIC CLAYS 


CERAMIC 
PURPOSE 


P MIC-Inc. MEANS—SERVICE, QUALITY AND PRICE 


Paper Makers Importing Co., Inc. 
PENNA. 


| 
| | 

WE IMPORT AND MINE 

CLAYS 
FOR 
EVERY 
| 


